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SB PRBPACE. 

'P^l 

The following pages have been written with the view 
of supplying a want which the author has himself 
experienced in the study of practical mechanics ; for, 
although there are many treatises on the subject, there 
is not one which takes the student direct from the 
simpler to the more complicated problems which occur 
in practice. The elementary portion is, however, 
treated in as short a way as possible, the chief part 
of the space being devoted to the solution of pro- 
blems which can only be gathered from a number of 
different books, such as the works of Baker, Barlow, 
Box, and Twisden, and the papers by Bell, Christie, 
Clarke, and Fidler, in the Proceedings of the In- 
stitution of Civil Engineers and American Society 
of Civil Engineers, and these the author has freely 
consulted. 

While designed for the student, it is intended that 
the work should be useful for every-day reference in 
the engineer's and architect's ofl&ce, and for this pur- 
pose the examples which are given are all either of 
practical application or else are designed for the pur- 
pose of comparing calculated results with actual experi- 
ments, and so establishing the formulae in the most 
satisfactory way. 

15, Gbeat Geobge Street, 
Westminster. 
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CHAPTER I. 

DATA. — WEIGHTS OF MATERIALS. — EFFECT OF HEAT.-r- 
RESISTANCE TO TENSION AND COMPRESSION. — FACTORS 
OF SAFETY. — LOADS ON ROOFS. FLOORS, AND BRIDGES. 
— SUPPORTING POWER OF FOUNDATIONS. 

1. It is assumed in the following treatise that the 
reader is acquainted with the elements of Algebra, 
Euclid, Trigonometry, and Mechanics; but a knowledge 
of the higher branches of mathematics is not required. 

As regards Algebra, the use of quadratic equations 
is occasionally necessary, and the following summa- 
tions are sometimes made use of: — 

If i? = a + (a + &) + (a + 26) + . . . + 7, 

Then« = |(a + Z)=||2a + (n-l)6|. 

If.«P + 22 + 3^ + ... + n^Then.=^?(^^X2l^ 

b 

If s = l« + 23 + 3» + . .. + «*, Then »= |~^-^tl)|'. 

If s=sm ? + sin ?!i: + sin-?^ + . . . + sm i'T, 
n n n n 
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(IT n — 1 7r\ : WTT 
- + — o — - Ism iy- 

. TT 



«M2^» ■*■ I) 

= > 



^27. 

TT TT TT . TT 

Sin o" COS o- + COS o" sm k 



TT 

^2« 



•7 



=^°*£' 



_2» 

for cot - may be written which equals — , since 



2n 



IT TT 

_. n tan - . 

;_ n 



the limit of w tan — , when n is indefinitely increased is - . 

Also (1 + x)n=:l + wa? + ^^ ^ V + -^ -y o 3 -^ + • • • 

In Mechanics, the parallelogram and triangle of 
forces, the principles of moments and couples and the 
properties of the centre of gravity, are assumed to be 
understood, as also are the fundamental laws of the 
pressure of water. 

2. The following may be taken as the weights of 
some of the principal materials used in construction or 
aflfecting structures, in pounds : — 
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Water, Fresh 62^ per cub. foot, or 10 per gallon. 



„ Salt 


64 


11 


11 lOi 11 


Oil 


B6 


11 


n 9 11 


Wrought Iron 480 


11 


1 1 10* per. sq. foot \ thick. 


Cast Iron 


456 


11 


11 lOf ?> n 


Steel 


492 


11 


11 101* " '^ 


Fir 


37 


11 




Yellow Pine 


28 


11 




Pitch Pine 


37 


11 




Teak 


B6 


11 




Oak, English 


46 


11 




» Bog 


66 


11 




Ash 


47 


11 


- 


Beech 


43 


11 




Elm 


34 


11 




Slate 


180 


11 




Granite 


170 


11 




Flint 


164 


11 




Sandstone 


140 


11 




Masonry 


140 


11 




Brickwork 


112 


11 





3. A rise of temperature of 1° Cent, will lengthen a 
bar of iron '000011 of its length, and so a variation of 
45°, which is the maximum we need in general allow 
for, will alter the length '0005 ; and if the bar is fixed 
at both ends, this, as will be seen in what follows 
(Chapter iv.), will induce a strain of B tons per square 
inch in the metal. 

4. The following table gives what we will consider 
as the resistances to tension and compression of some 
of the most commonly used materials. These resist- 
ances are very variable, but as a large Factor of safety 

* It is usual to add 5 per cent, for rivets and bolts, 
t Allowance being made for inaccurate casting. 
With most of these materials the actual weights vary from 
some 5 per cent, over to 5 per cent, under the weights given. 
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is always taken, they are sufficient for our purpose. 
They are given in tons per square inch. 





Tension. 




Compression. 








Factor 






Factor 


Ultimate. 


Safe. ( 


)f safety. 


Ultimate. 


Safe. 1 


[)f safety. 


Cast Iron . . 


7-00 


1-BO 


4-7 


42-00 


6-00 


7-0 


Wrought Iron 


22-00 


B-00 


4-4 


19-00 


B-00 


3-8 


Steel*. . . 


3200 


6-60 


4-9 


32-00 


6-BO 


4-9 


Brick . , . 


0-12 






0-2B 


005 


B-0 


Blue ditto 








1-00 


0-20 


5-0 


Slate , . . 


4-30 






B-00 


0-BO 


10-0 


Granite . . 






— ^ 


300 


0-50 


6-0 


Sandstone 








1-00 


0-20 


B-0 


Firf . . , 


B-00 


0-7B 


6-6 


2-75 


0-50 


B-5 


Ash-f- . . . 


7-00 


1-00 


70 


4-00 


0-7B 


B-3 


Oaky . . . 


B-00 


0-7B 


6-6 


3-00 


0-50 


6-0 


Teak . . . 


6-00 


1-00 


60 


4-BO 


0-7B 


6-0 


CeTnentt(neat) 0-12 






1-00 


0-20 


B-0 


Ditto (2 to 1) 


0-04 







0-60 


0-10 


B-0 



B. In calculating the strength of roofs, floors, and 
bridges, the loads usually allowed for are as follows : — 

Pressure of wind on bridges \ 

under the control of the ( rr? lu o r l 

Board of Trade, or in very f ^^ 1^«-§P^"1'^^^«^"^*^- 
exposed situations ) 

* The tensile strength of steel for ship plates according to 
Lloyds should be not less than 27 nor more than 31 tons per sq. 
in. with 20 P. ct. elongation in 8 ins. and for L.l.' not less than 
27 nor more than 33 tons with 16 P. ct. elongation. 

The plates should be capable of being bent to an inside radius 
of 1 J times their thickness when heated to a low cherry red, and 
cooled in water of a temperature of 28"* C. 

t The resistance of fir to shearing is '25 tons, of ash '50 tons, 
and of oak 1*00 tons, per sq. in. ultimate; or of '05, '10, and '20 
tons, respectively, safe. 

X Portland Cement, set 30 days. 

§ Inclined to the horizon at an angle of SO**, 
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Pressure of wind on roofs and ) 

bridges which are not in > 40* lbs. per square foot. 

exposed situations . . . . j 

Slating 6 

Plain Tiling 18 

Pnn 

Glass, Zinc, or Comigated Iron 
1 in. Slate boarding .... 
2\ in. X 3i in. Rafters laid 16 



9 
4 
3 



7? 
J) 



J) 
77 
77 
77 
77 



m. X 3i in. Rafters laid IB"^ 
ins. centre to centre, includ- f 
ing slate battens . . . . ) 
Live load on house floors and ) 

foot bridges ) 

Live load on railway passen- ) 1 1 

ger platforms 3 ^ 

 " 3i 



77 



77 



1 CWt. 77 



77 



77 
77 



77 



77 



77 



77 



77 



77 



1^ 77 per cubic foot. 



77 



Live load on warehouse floors 

Metalling and Ballast . . . 

Permanent Way, single line, 

84 lbs. rail, and 10 ins. x B ins. 

sleepers, 4 ft. 8i ins. gauge 

exclusive of ballast — chair 

road 

Eoadway Bridges, moving load 1 J 77 
Railway Bridges — moving load, single line. 
For spans up to 16 ft. . . 16 tons at centre, 
77 from 30 ft. to 100 ft., \\ 77 per foot run, 
77 above 100 ft. . . I4 77 77 on 100 ft., 

f§ 77 77 on the rest. 



77 lineal 77 



77 square 77 



* Inclined to the horizon at 
an angle of 30°. 

t 2 cwt. for grain sheds. 

X Provision must be made 
for a traction engine. Tlie 15 
ton traction engine shown in 
Fig. 1, is the heaviest in com- 
mon use. 

§ 1^ tons throughout, if 
under Board of Trade control. 



I 



•^xir^Av 



t 

i 

i 



^5 



•51 






hT^A/9 



M.r. — — 

Fig. 1. 



— i ^ 
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The maximum weight of a locomotive engine may 
be taken at 46 tons,* distributed over a length of 30 
ft., and of this 16 tons may be on each of two axles 
placed 8 ft. centre to centre. With its tender the 
engine would weigh 70 tons distributed over BO ft. In 
taking the loads on a bridge provision should be made 
for two engines and tenders equal to 100 ft. lineal at 
1^ tons per foot, and J of a ton per lineal foot for the 
train following, and this has been done in the fore- 
going table. 

6. In foundations the following pressures may be 
safely put on a superficial foot : — 

Eock 13 tons. 

Chalk 4 ,, 

Solid Blue Clay and Gravel ... 3 to 6 ?? 

London Clay 2 n 

12 in. X 12 in. piles well driven . . 20 to 30 n 

* Min. Inst. Civil Engineers, vol. Ixxxii., p. 348. 

The author is indebted to Messrs. Hunt, Hanbury, and Eow- 
landson for the following maximum weights of engines on their 
respective railwa3's : — 

Length (buffer Total Load on 

Bail way. to buffer). Weight. one axle. 

Lanes, and Yorks. . 36*7 feet. B6'7 tons. 17*5 tons. 

Metropolitan . . . 31-8 » 46-6 v 18*6 » 

Mersev 61*0 " 170 » 

Board" of Trade . . 34*7 » 62*2 »» 17*4 v 

He is also indebted to Major-General Hutchinson, E.E., for the 
following equivalent distributed loads which are calculated from 
the engine which is designated above " Board of Trade." 

Span in feet. Boiling Load per foot ran. 

10 to 16 ... . 3-47 tons to 2-26 tons. 



16 »» 20 

20 " 40 

40 '» 55 

55 »»100 



2-26 '» 

2-26 »i »» 1-74 » 

1-74 »» » 1-59 » 

1-59 » n 1-57 »» 
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Examples. 



1. A cast iron cistern is 2 ft. long, 1 ft. 6 ins. wide, and 
1 ft. 6 ins. deep over all. If the metal is ^ in. thick, find 
the weight, and also that of the water contained in it, when 
its surface is 2| ins. below the top, 

Ansicer^ Cistern, 1 cwt. 3 qrs. lbs. 
Water, 1 cwt. 3 qrs. 21 lbs. 

2. Will the above float if it is empty, and how much of it 
will be out of the water ? 

Ansicer^ h\ ins. 

3. Give the weight of a pitch pine balk 14 ins. square and 
30 ft. long. 

Ansioer^ 13 cwt. 1 qr. 27 lbs. 

4. If a square piece of elm be floated in fresh water, how 
much will be immersed ? 

Ansioer^ '544. 

5. What thickness of wrought iron must be fixed to the 
bottom of this to cause it to float in salt water with 1 in. not 
immersed, the timber being 12 ins. deep ? 

Ansicer^ '71 in. 

G. What must the length of a girder be for the changes of 
temperaturCvto which we are liable in this climate to lengthen 
it 1 in. ? 

Answer^ 166 ft. 8 in. 

7. What loads may be safely put on wrought iron bars 
1 J in. 1 in. and f in. in diameter ? 

Ansioer^ 6*1, 3*9 and 2*2 tons respectively, 

8. The weight of the superstructure of one span of a 
viaduct together with the moving load amounts to 100 tons. 
What size should the foundation of one of the piers be if it 
is of brickwork, 18 ft. long, 3 ft. 9 ins. wide and 20 ft. high, 
and rests on blue clay ? 

Answer^ The 18 ft. x 3 f t. 9 ins. base would be sufficient 
as the pressure per sq. ft. with this would be only 2*48 tons. 

9. There is halt a yard of ballast per yard run on a rail- 
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way bridge. Give the weight per lineal foot of the dead and 
live loads exclusive of the weight of the structure itself for 
the following spans^ — single line : — 

16 feet, 20 feet, 30 feet, and 200 feet. 
Answer^ 2*33 tons, 2*25 tons, 1*83 tons, and 1*83 tons. 

10. A water tank is 6 ft. deep ; find the pressure per lineal 
foot against its side, and the depth below the surface at which 
its resultant acts, the tank being full. 

Answer^ ^- ton at 4 ft. below the top. 
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SIMPLE STEAIXS IN GIEDERS AND FRAMED STEUCTUEES. 

7. If a weight vesta through the medium of a beam on 
two abutments it is supported by their reactions, and the 
sum of these is equal to the weight. 

If the weight is central, the reaction of each abut- 
ment is equal to half the weight ; if not, it may be 
determined by the principle of moments in the follow- 
ing manner : — 

In Fig. 2 let W be 

the weight acting at c, • 

and let it be supported V ~ 

by the reactions i^i, -B2 * ' *^ 

at a and 6, ^^^- ^' 

By taking moments about 6 we have : — 
B^,ab=^W.cbM.B^ = ^^W. 

And by taking moments about a we have : 

i?2 .«6 = W.ac, ie. ^2 = -7. ^• 
Following from which we see that :— 

iA+^^2 -j^- ^^ 

-TF. 
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Let the depth of the beam be A, the area of the 
flange in square inches a, and the resistance of the 
metal to tension or compression, in tons per square 
inch when W is in tons, s. 

Then we have, by taking moments at c about either 
flange : — 

B^.ac = s.dh, 
or, putting M tor ah = s.M. 

M is called the moment of resistance of the beam. 
For plain girder sections, as in Fig. 3, in which no 
account is taken of the web, it is simply 

the area of either flange multiplied by T 

the depth between the flanges. More ! 

complicated sections will be considered ! 

in Chapter iv., but we may state here -^ 

that the general value of M \b a^sji^ i 

of the cross section being divided up j 

into parts, and each taken separately, ^^^^ 3^ 

«!, a^y • • • being the area of each 

part, «!, 89^ . . . the strain per unit in it, and 

Aj, A^y • • • ^1^6 distance apart of the corresponding 

tensile and compressive members. 

W ah 

8. If the weight is central B^ = -^^ also ac = -^ and 

this we will call ^. 

Hence we may write — .^ = sM, 

Halfway between the centre of the bearing and the 
abutment, we have 

so, (s3/)' = -^-J/. 
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Now if the moment of resistance of the section is 
proportional to the strain s will be constant, but if the 
section of the girder is the same throughout s will 
vary. 

Thus we have —^ = sM' or = s 'M. 

9. If the beam carries an equally distributed load 
W, in taking moments ^ 
about the centre we ^ r" 



2 

i 4 



- / - 



m 

t 



msby consider half the 
weight to apt at d, and 
half at c, Fig. 4, these Fig. 4. 

points being t from each abutment, and we have : — 

i.e. -fj--f = sM. 

2 4 

Again, taking moments at d or e, 

Wl Wl . ..^, 

i.e. A Tr.Z=sil/'or = s'3/. 

10. It is convenient to show the amount of the 
moments by a diagram as is done in dander's " Girder 
Construction," a work which we cannot too strongly 
recommend to the student, the plates being of real 
practical value. 

If s is constant, the variable values of M may be 
plotted off the line ab. Thus, in the case of a concen- 
trated load. Fig. 2, if the depth of the girder is con- 
stant, the necessary sectional area at any point can be 
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obtained by scale from the diagram Fig. 6, the height 
o,c being marked oif to 
any convenient scale 
equal to a. 

It will be seen with 
a very little considera- 
tion that the lines oa 
and oh will be straight, 
so that midway between 
c and a the sectional 

area necessary will be ^ and so on for any other point. 

In the case of the distributed load, Fig. 4, the line 
a oh is a parabola, as can be easily proved. If the 
student has not, however, studied Conic Sections, he 
must plot the curve by taking moments at a number 
of points. 

Thus at c the height 

oc will be equal to ^ — '~ , 

8 8M 



andatd^andg . 



32* 8.h • 




^ 


*• 


,-.-.- ^ ._._ J 


Fig. 7. 





11. With a cantilever 
or beam fixed at one end and loaded 
at the other W.l = sM^ 

and for a distributed load W'^ = sM. 

12. A beam fixed at both ends is really composed of 
two cantilevers and a girder. The strains for a central 
load in such a beam act 
as in Fig. 8, and for a 
distributed load as in 
Fig. 9. Taking one 
flange, say the top, for 
the purpose of illustra- 




Fio. 8. 
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Fig. 10. 



tion, it will be seen that 
from a to A and 6 to fe 
the strain is tensile, and 
from h to Jc compressive, 
and that at h and h 
there is no strain at all. 
A beam continuous over several spans may be re- 
garded as fixed at the ends for each span, and is called 
a continuous girder. 

13. If a framed structure, such as a, b, c, Fig, 10, 
supports a weight W at 
c, and is itself supported ^ 

at a and b, the strains on 
the various members may 
be calculated by means 
of the triangle of forces. 

At the point a we 
have the vertical up- 

W 

ward resistance of -«-, and the strains in ca, ab which 

maintain equilibrium. 

Draw the triangle 1, 5. 5, so that its sides are 
severally parallel to ac, c Wand ba. Then by the triangle 
of forces 1, 3: 3, 3: f?. 1 : : strain in ab: upward resistance 

W 

ly : thrust ca ; and the forces act in the directions 1 to 

3, 3 U) 3, and 2 to i, so that ca is in compression and 
ab in tension. ^ 

Now since the upward thrust -^ represented by 3,3 

is known, the thrust 3,1 and tension 1.3 can be cal- 
culated ; but it is the simpler plan to plot the triangle 
to scale and measure the strains. 
.Thus, if 3,3 and 3,1 measure 1 in. and 2 ins. respec- 

W 
tively, and if ^j is 10 tons, the thrust ca will be 20 tons. 
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This method of calculation is called the graphic 
method ; it is quicker, and there is in it less chance of 
a grave error than there is in the more mathematical 
method. 

14. There are three ways by which the strains in the 
above figure may be calculated : — * 

The first is by the graphic method^ as shown above. 

The second by means of moments^ the strain in ah 
being calculated by taking moments about c, and that 
in ac about any point in db. 

The third by the method of sectlojis ; for if a section 
hJc is taken, it is clear that for equilibrium all the re- 
solved parallel forces acting in one direction must equal 
all those acting in the contrary. 

IB. As an example 
we will take the roof 
truss shown in Fig. 11, 
and calculate the strains 
by each of the three 
methods : — 

Call the span db, Z, i 
and let the height be j and the equally distributed 

load TF, and let ad = dc. 

The equally distributed load will be supported by a 

W 

vertical upward resistance of -^ at each abutment a 

and &, and the load may be assumed to act as follows : — 
W . W . , W . W . .W 




Fig. 11. 



r^ at a, "x at d, "x ^^ ^) "47 ^^ ^> ^^^ 8 

We will first proceed by the graphic 
method, and to simplify the figure and 
reduce the labour will only consider 
half of the truss. 

Draw the vertical line U and di- 

W 



at 6. 




"i^ 



Fig. 11a. 

w 



w 



vide it so that l.!2 wUl represent -_-, 2.3, -.-, 3.5, -.-> etc. 

o 4 4 
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Bisect 3,Jj in ^, draw the horizontal line 4-0 through 
it, and draw 0/J and 8,8 parallel to a.c, 0.8 parallel 
to d.fy and 8.9 parallel to f.c. ; — 

Taking first the strains at a;- ^ 

We have a vertical upward resistance of -^ repre- 

* IV 

sented by ^J, a downward vertical pressure of -g- 

represented by 1.^^ and a thrust along da and a pull 
along ab represented respectively by ^^.0 and 0.4-^ the 
amounts of which can be ascertained by scaling from 
the figure 11a. 

Next taking the point d ; — 

We have an upward thrust along ad represented by 

W 
0.3^ a downward pressure of -^- represented by 9.3. and 

thrusts along cd and fd represented by 3.8. and 8.0. 
respectively. 

Again at /*; — 

We have along fa, df, fc, and fg strains represented 
by 4-0, 0.8, 8.9, and 9.4 respectively. 

And at c ;— 

Along cf and dc there are strains represented by 9.8 
and 8.3 which, combined with half the weight at c or 

W 

Q- represented by 3.4, are resisted by a horizontal 

thrust of 4-9, which is equal to the strain in fg. 

By scaling from Fig. 11a, we find that the strains in 
the different members are as follows : — 

In ad a thrust represented by 0.!2 or + '84 W 



» dc )) )• 


> 8J 


>) df 11 . ) 


1 0.8 


11 af Si tension ; 


< 04 


11 fg 11 


. 94 


11 fc 11 1 


. s.9 



,1 +-72 ). 


11 +-22 11 


11 --75 11 


11 --60 11 


11 - -26 11 



and the external forces are the vertical upward pres- 
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W 
sure of o- at a, the horizontal thrust of 'BO W at c, and 

W W W 
the pressures of q ? 4 > q at a, d and c respectively. 

16. We will next proceed by the principle of mo- 
ments, and taking first the moments round the point c, 
we have — 
tons. 

Wl Wl Wl , . . ^ I c^ 
2 "2 " 8 "2 " 4 '4 " ^*^^*^" 1^ /J!/ 4 = ^' 

Hence the strain in fg or P4 = W ^ i > 

4 

=•60 tf: 

Also -. -J — strain in dfxcd =0, 



Hence the strain in dfov 0.8 



Wl 
4 4 



8^ 



=•223 >r. 

Next taking moments about the point /", we have — 

WU WU W I X . . J ^/6; o 

2 -16 - 8 16 - '4 16 - ^^"""^ '^ "^-le ^ = °' 

Whence the strain in cd. = •726 W; 

^ WU Wbl , . . , ^/5, ^ 

and -Q-ig - g -rg - strain in ad. -^^1 =U, 

Whence the strain in ad. = ^84 W; 
or we might say — 
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Strain in ad,-^ — strain in cd~. J - -.-.^-pi = 0, 

lo lb 4 lb ' 

(•84-726) Tr-^^Z=f./g, 

which shows a very near agreement. 
Again taking moments at d — 

Wl Wl ... -. ? rt 

2 •4-8-4"'*''^''' "'''^•8 = ^' 

Whence the strain in af = '76 W. 

Also, 

.75 TtJ-'BO TT ^- strain in /c.^ =0, 

00 o 

Whence the strain in fc = '25 W. 

17. Lastly by the method of sections. 

Draw a vertical line between a and d, and resolve 
the strain in ad horizontally and vertically by means of 
the parallelogram of forces. 

Since the vertical component must be equal to the 
weights which have to be transmitted through it, we 
have ; — 

W W 

rri. . • • . 4 "^ 8 3 TT 
The strain m ad= ,  , = ^"-, — =-y, 

sm dab 8 sm dab 
= 1^ =-84 M^. 

o 1 

7b 
And n n «/*= strain in ad, cos dab^ 

3Tr 2 .7. ,^ 

=8T7r^^^^- 

Wb 
It is not necessary to exemplify this method further, 
as the strains in the other members can be calculated 
in exactly the same way. c 
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Examples. 

1. If the span of the cross girders of a railway bridge is 
11 ft. and the rails are 6 ft. centre to centre, each rail 
being thus 3 ft. from the nearest support, find the value of 
M, s being 5 tons and the weight on each rail 8 tons. 

Anstver, 4*8. 

2. If the depth is 12 inches, give the sectional area. 

Ansicer, 4*8. 

3. If the span is 16 ft. and each rail 5 ft. G ins. from the 
support, find M and a. ^^^^^^^^ ^^ g.g^ ^ ^ g.g 

4. If the span is 26 ft., and the line double, the rails being 
thus respectively 5 ft. and 10 ft. from the supports, find the 
values of M and a at each rail, the depth being 2 ft. 

Answer y M=24: ins. and 16 ins, a = 12 ins. and 8 ins. 

Wl 

6. For a cantilever loaded at the end, prove that a= — ,- 

6. » j> ii equally » a= ^— 

Wl 

Wl 

8. » » ?> equally ?» a= ^-^ 

Where a is the sectional area in square inches^ 
» W ^^ the load in tons, 

» « j> the resistance of the metal in tons per square inch, 
» I 11 the span in feet, 
V d V the depth in feet, 

9. A load of 8 tons is 2 ft. from one support and 14 ft. from 
the other ; find the reactions of the supports, and the value 
of M at the load and at the centre of the span. 

Ansiver, 7 tons and 1 ton, 2*8 ins. and 1*6 ins. 

10. The load on a girder is one ton per foot run, the 
span 25 ft. and the depth 2 ft. 6 ins. ; find the necessary 
sectional area. 

Ansicer, 6^ ins. 

11. Find the sectional area for a span of 60 ft. and depth 
of 6 fib., when there are two girders carrying a double line of 

^^^^^y- Answer, 30 ins. 



7. V girder ;> at the centre v a — 



, STRUCTURAL MECHANICS. 19 

12. A rail weighing G9 lbs. per yard and 16 ft. 6 ins. long 
rests on a fulcrum 15 ins. from one end, and sustains a 
weight of 1 cwt. at 3 ins. from the other ; find the force 
exerted 12 ins. from the fulcrum. 

Anstver, 38*72 cwt. 

13. In the last question if the force is a ton, how far will 
it act from the fulcrum, the 1 cwt. being removed ? 

Answer, 14*23 ins. 

14. In the last question find the position of the weight 
which will produce a pressure of (a) 3 tons and (b) 4 tons, 
at a distance of G ins. from the fulcrum. 

Ansicer, (a) 1 cwt. at 6 ft. 3*43 ins., and (b) 2 cwt. at 
8 ft. 1*71 ins. from the fulcrum. 

15. A cantilever, 12 ins. deep and 12 ft. long, sustains an 
equally distributed load of 3 tons ; find the sectional area 
required if the resistance of the metal is taken as 5 tons per 
square inch. Answer , 3*6 ins. 

16. Girders 36 ft. span, 12 ft. apart and 3 ft. deep, carry 
(a) the roof of a passenger station, and (b) a warehouse floor. 
Find the sectional area in each case. 

Anstver, (a) 2*31 ins., taking the load as 40 lbs, per sq.ft. 
(6) 19-44 ins. 

17. Draw a diagram of the strains on the roof of which 
one of the principals, which are 12 ft. apart, 30 ft. span and 
7 ft. 6 ins. high, is shown in Fig. 11, it being acted on by a 
pressure of 40 lbs. per square foot at an angle of 30° to the 
horizon, in addition to a vertical dead load of 14 lbs. per 
square foot. 

18. The conditions being the same as in the last question, 
draw a diagram of the strains, the span being 40 ft. and the 
height 8 ft. 6 ins. from the apex to the tie bar and 10 ft. to 
the supports. 

19. A lattice girder 100 ft. span and 10 ft. deep is divided 
into 10 equal bays by verticals which take the compressive 
strains, the diagonals taking the tensile. The dead load 
being 15 cwt. per lineal foot, trace the progress of a rolling 
load equal to 30 cwt. per lineal foot on to and over the 
bridge. 

(N.B. The loading is as for one of two girders carrying a 
double line of railway.) 
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20. Find what height of salt water pressing against it 
will cause a brick wall, 3 ft. thick and 6 ft. high, to revolve 
about a point 1 ft. from the outer edge. 

AnsiceVj 4 ft, GJ ins. 

21. To what height can a brick wall 18 ins. thick be 
carried so that a horizontal wind pressure of 40 lbs. per 
square foot will not overturn it on its edge — (a) neglecting 
the tenacity of the mortar, and (b) assuming the elasticity to 
be perfect, and the maximum tensile resistance of the mortar 
to be 10 lbs. per square inch. 

Answer, (a) 6 ft. 3 J ins., (&) 11 ft. 2 ins. 

22. If a wall 13| ins. thick and 12 "ft. high has cantilevers 
fixed to it at the top, to what distance can they be carried 
in order that the line of action of the resultant may fall 
within the middle third of the wall, the resolved vertical 
pressure on the roof being 56 lbs. per square foot ? 

Ansicer, 2 ft. 10 ins. 

23. Two steel girders 6 ft. deep carry a single line of 
railway over a span of 60 ft. If the sectional area is con- 
stant throughout, give an elevation showing the varying 
depth. 

24. Give the necessary sectional area at each 10 ft. in 
the last case, if the depth is constant. 

Answer, At 10 ft. from the abutment, 6*4 ins., at 20 ft., 
10*25 ins., and at the centre, 11*5 ins. 

25. The iron cantilevers of a verandah are constructed 
as in Fig. 12, and exposed 
to an equally distributed 
vertical pressure of 56 lbs. 
per square foot. Give the 
sectional areas of the 
flanges at the points A. A, 
B.Bj and CC, the canti- 
levers being 10 ft. apart 
and not bolted down. 

Answer, 3*6 at A,A, 3'6 
and 4*2 at B.B, and 36 at 

ac. 

26. The driving axles 
of a locomotive are 8 ft. 




jl-/.#- H{l .*.0.- 



c. --i 
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centre to centre, and the weight on each 16 tons ; find the 
required moment of resistance of one of the rails, if the 
metal is strained to 10 tons per square inch, and the up- 
ward resistance of the sleepers is Qonsidered as equivalent 
to an equally distributed pressure. Aii steer, 9*6 ins. 

27. If in the last question the span is taken as 6 ft., 1 ft. 
at each end being con- - 
sidered as a cantilever, ,* 4 ' 
what is the moment ? * y 1 r — wV»«»- .*^ 

Ansicer, 6*4 ins. r ys" — ^r — yr — "tt — 7 

28. The principals of J\/ \A*\/ \/ \/i 

a roof are 60 ft. span, ^ ^ V ,. V V—; 

and are supported by the ''"' . | 

iron warren girders of Fio. 13. 4 
120 ft. span, shewn in 

rig. 13. Give the strains on the various members, the 

load being taken at 56 lbs. per square foot acting vertically. 

Answer 1st Bay 2nd Bay 3rd Bay 4th Bay 5th Bay. 

Diagonals 15 J 12^ , 8| 5^ If 

Top flange 8^ 2l| 32 39 42^ 

Bottom,, 15| 27| 36| 41^ 43^ 

29. A cofferdam sustains the pressure of a head of 24 ft. 
of water, and is supported every 10 ft. at 4 ft. from the top 
by props which are inclined at an angle of 60^ to the hori- 
zontal. Find the pressure along each (a) if the water is 
fresh, and (b) if it is salt. 

Answer, (a) 64*3 tons, and (b) 65*8 tons. 

30. If the inclination is j, find the pressure in the first 

case. AnstceVj 45*6 tons. 

31. A rail 26 ft. long, weighing 67*2 lbs. per yard, rests on 
a fulcrum near one end and supports a weight of a ton at a 
distance of 2 ft. from the fulcrum. Find the distance of the 
latter from the end, when the rail is just balanced. 

AnsiveVj 5 ft. 3|^ ins. 

32. In the last case what pressure would 2 cwt. placed 
16 ft. from the fulcrum exert at a distance of 6 ins. from it, 
if the one ton weight was removed ? Anstcer, 7*2 tons. 
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strain out of centre. — thin tubes. — thick tubes. — 

riveted joints. — torsion. 

Strain out of Centre. 

18. A foixe P acts as shewn in Fig. 14, and is resisted 
hy four parallel and 
equally spaced forces jp^, 
P2J jPs, Pi, through the 
medium of a rod abj 
which will not bend ; it 
is required to find the 

values ofpi^ P21P3} Pi i^ 
terms of P. 




Fig. 14. 



We have 
Also 
And (22) 

i.e. 

and 



(1) 

= 3P ...(2) 

= 2p, (3) 

= 2p3 (4) 



Pl+ P2+ P3+Pi = P 

Pi- P» 

l'i+ Pa 
Pi-^ Pi 

By solving these equations we obtain 

.Pi =7P8= ffi-P, 

Pi =4p3= s-P, 

i'3 = 15 A 

Pi =-^Pa=-\iP' 

It will be observed that a compressive strain at p^ 

22 




STRUCTURAL MECHANICS, 23 

induces a tensile at p^^ a result which has an im- 
portant bearing on the strength of brick and stone 
arches and reservoir walls. 

19. To find the neutral point, Le. the point where (he 
strain is zero, when P is resisted by an infinite number 
of parallel forces. 

Let p be the unit strain opposite P. 

This strain will decrease from a to 6 (Fig. 16) , where 
it will become zero, ^ 

and so again to c,where ^ — '■ ^^^C 

it will be negative, 6 
being taken as the 
neutral point. 

Put ab = x and bc = a 

Then the mean unit ^ 

strain between a and 6 will be n, and that between 

6 and c will be-^^ 

X 2 

Hence P=^-^a =P\a^-a»X 

2 2x 2xi ) 

or =-o . . . . U; 

p Ix 

Also P\x + ^aj =|a?f gO; + ^aj = 'tx\x + aY 

P x(x + a) /OX 

or - = ^ '' . . . . (2) 

p 3x-{-2a 
From (1) and (2) 

we get x^ — 3a^x - 2a' = 0, 

And the solution x = 2a satisfies this. 

20. It is clear that for the strain at c to be zero the 
force Pmust be applied at a point which is |ac from c, 
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Fig. 16. 



for the centre of the parallel forces decreasing from p at 
a to at c coincides with 
the centre of gravity of 
the triangle acd^ Fig. 16. 

21. From this it will be 
seen that with materials 
which offer but a small 
resistance to tension, a 
force must not be applied 
outside the middle third of the width ; and that when 
applied at one-third from the edge the strain at this 
edge will be at a maximum, while at the other edge it 
will be ^ero, and the maximum unit strain will be 
double the force divided by the area of the section. 

In the case of an arch it is therefore necessary that 
under every condition of loading the line of resistance 
should be within the middle third; and in the case 
of a reservoir wall that it should be so placed, whether 
the reservoir is empty or full. When empty it is 
only the weight of the wall itself which has to be 
dealt with, so that it is only necessary that at every 
horizontal section a vertical line through the centre 
of gravity should be within the limits. "When full 
in addition to the weight the moment of the water 
pressure has to be allowed for. 

All materials offer some resistance to tension, and in 
some cases this may be taken account of ; but it is gene- 
rally better to act on the above principle and let the 
resistance to tension be considered as so much safety. 

22. It will be noticed in (18) that the forces p^, 
P2) • • • have been assumed to be in Arithmetical Pro- 
gression. This is true within certain limits so far as 
experiment has revealed. All materials that have been 
experimented on up to a certain point, which is called 
the limit of elasticity and is in all cases very much 
higher than the working load, yield under both com- 
pression and tension in direct proportion to the strain. 
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Thin Tubes. 

23. To find the strains on a thin tube exposed to in- 
ternal pressure. 

Let ab (Fig. 17) be the diameter of a cylinder in which 
the thickness of the 
metal is small com- 
pared with the diam- 
eter; it is required to 
find the strain on the 
metal caused by a force 
of p per unit of area 
acting at right angles 
to the surface. 

If the forces p are resolved horizontally and vertically, 
the sum of the vertical components will have to be 
resisted at a and 6, that is to say, the strain at a will be 
half the sum of the vertical components. If there are 
n units of length in the circumference a 6, each will 

be equal to — , and the total vertical pressure will be 




Trrf . TT . . 27r . 
p -sm +sin— + 
n { n n 



+ sm — - 
n ) 



and this becomes (sec. 1) jr;.2r, so that the strain at a 
will be pj\ 

24. This result might a^.so have been obtained in 
the following way : — ^ 

Let cdef (Fig. 18) be a 
square of which the length 
of each side is 2r. 

Then the pressure against 
one side c/*will be j;. 2r, and 
this will be resisted by the 
tensile strains in ce and df\ 
each of which will thus be 
pr ; i.e. the strain at a will 
be j;r, and at 6, ^jr. 




_ A_- 



Fio. 18» 
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It is evident by the principles of hydrostatics that 
the strains at a and 6 will not be disturbed by altering 
the square into an octagon, as shown by dotted lines on 
the figure, and by again increasing the number of sides 
until eventually it becomes a circle. 

Thick Tubes. 

25. To find the effective resistance of the metal in the 
case of a cylinder in which the thickness is considerable 
when compared with the diameter^ as in the case of an 
hydraulic press pipe. 

Let Z>i and D be the external and internal diameters 
before strain, and (Z>j + d^), (Z> + d) after strain. 

There will always be the same quantity of metal in 
the ring whether it is strained or not, so that after 
reducing we have the equation 

Now since d^ and d are always very small compared 
with Z>i and Z>, we can put 

D ^d,' 

Let s^ be the strain at the exterior, and s at the interior. 
Then d^ will vary as ^^ D^, and d as sD, hence 

I\ sD 

D ""*iA' 

1 



or 



s,^l)^~ 1 



i.e, the strain varies inversely as the square ot the 
diameter. 

Thus, if the internal diameter is 10 and the external 
20, i.e. if 1> = 10 and A = 20, we have 
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202 



1) 



Le. the strain on the inside is four times the strain on 
the outside. 

To find the mean strain in terms of the maximum 
we must assume the thickness to be divided up into a 
number of small parts, sajr n in number. 

1 



Then the strain per unit 
where the diameter is D 



is 



If' 

5 or, rr'S 

Ifi 
1 



>* 



77 



D + 1 



77 



(/> + !)« 



1 
1 



8 



77 



77 



D + worD' 77 



-7 



1^ 

D' 



8 



Hence the mean strain is 
D'^8 (1 1 



+ 71)4 



Putting D = 10, D + 1 = 12, . . . and 2) + w = 2)' = 20, 
we get as the mean strain : — 

20*)' 



i2! fi_ + L + 

6 1io« i2« 



• • • 



or 
or 



8 

2' 



{ 



1 + -7 + -6 + -4 + -3 + -26) 
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If therefore the maximum resistance of the metal is 
taken as 7 tons per square inch, the mean resistance 
will be only 3^. 

EivETED Joints. 

26. In calculating the strength of riveted joints 
there are four points to be considered : — 

1. The sectional area of the plate after the rivet 
holes have been deducted must he sufficient to resist the 
tensile or compressive strain, 

2. The 7iumber of rivets must be sufficient to resist 
the shearing strain on them, 

3. There must be metal enough between the rivet holes 
to resist the shearing force^ i.e., if t. is the thickness of 
the plate and a the distance between the holes, 2n,ta,8, must 
be greater than the strain, 

4. 27ie metal must be thick enough to prevent the 
rivets tearing through it, i,e,, if d, is the diameter of the 
rivets, n,d,t.s, must be greater than the strain ; but in 
this case, oicing to the support given on each side, s may 
be taken at 10 tons or even more. 

With respect to the first point, we have not only to 
consider the reduced sectional area, but also in the case 
of punched holes the effect of the punching on the 
material left ; for the punch in passing through the 
plate injures the metal to some distance round the hole, 
this being especially the case with steel. By anneal- 
ing the strength of the injured parts may be restored. 
Drilled holes in no way injure the metal, so that with 
steel it is often false economy to use the punch. 

The mean of 9 experiments on | in., \ in., and f in. 
plates of Yorkshire iron, 8 in. wide with 4 holes each 
•86 in. diameter, gave a loss of strength of 13 per cent."^ 

Now the material left was 8 - 4 x -85 in. = 4*60 in., 

* Box, 14. 
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and 13 per cent, of this is '60 in., which divided by 4 
gives '15 in. per hole ; so that instead of allowing for 
four holes of '85 in. in diameter, we must take four of 
•85 + 'IS in. Le, of 1 in. diameter. 

It follows from this that the injured metal extends 
to a distance of about yV i^- beyond the hole, so that 
a f in. hole should be punched and drilled out to 
I in. for a rivet of this size, to avoid injuring the metal. 

With steel the injury caused by punching is so con- 
siderable that drilled holes should always be employed, 
or the plates should be annealed after punching, for 
this entirely restores the strength of the injured parts. 

Theoretically no deduction need be made for the holes 
when the strain is compressive, but it is difficult to 
believe that a rivet will so thoroughly fill the vacant 
space as to take up the strain equally with the plate ; 
it is therefore better to deduct, especially as the 
resistance of wrought iron to compression is less than to 
tension and, as will be seen hereafter, the elasticity the 
same, so that the putting less metal in the compressive 
members of any structure would set up complex strains. 

For the rivets we have the formulae : — 

E = W7r( q1 8 when they are in single shear, 

Q ) s J> " double ?) 

where n is the number, d the diameter, and s the safe 
resistance of the metal, or B tons per square inch. 

The resistance of iron to shearing is the same as to 
tension, or about 22 tons per square inch. Probably 
owing to the injury they receive in the process of 
riveting steel rivets are no stronger than iron, in spite 
of its being generally admitted that the shearing and. 
tensile resistance are the same. 

In addition to the resistance they offer to shearing, 
the rivets hold the plates together by their grip. Three 



30 STBUCTURAL MECHANICS. 

experiments were made with a | in. rivet, and the re-^ 
sistanee due to the friction caused by the grip was : — 

"When the length of the rivet was \\ ins. . . 4| tons,* 

J> M n 2| „ . . 8 J> 

In calculating the strength of a joint this is not 
usually taken into account ; but it may be considered 
as so much safety to cover the loss of strength caused 
by the various rivets not all taking up the strain 
equally, on account of imperfect workmanship. 

Torsional Strain. 

27. The resistance of any material to torsion is de- 
pendent on its resistance 
to shearing. Thus if a 
force W (Fig. 19), be 
applied with a leverage 
Z to a shaft of radius r, 
we have where s is the 
resistance of the metal ^*®- ^^• 

to shearing : — 

T^={2 7rr.r + 27r (r-lXr-l) + . . . + 2 7rl.l}5, 
= 2 7r5{r2 + (r-l)8 + , .. + P}, 

= 2 .s L^^mr ^ 1\ 



= 2 7r« 5^ , since 1 is small compared with r. 
3 

With cast iron we may put s = 9 tons per square 
inch, and we get : — 

Wl = 18-8Br3 = 2'36d3 = (i.33d).3 

For wrought iron s may be put at 18 tons, and for 

* Box. 17. 




-^ 
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steel at 27 ; so that the resistances of cast iron, wrought 
iron, and steel are as 1 : 2 : 3, and 
this is borne out by experiment. 

28. In order that the material 
may not be strained beyond the 
limit of elasticity, it is necessary 
to proceed in another way. Thus, 
taking the case of wrought iron, 
it is evident that if the shaft is 
strained to the extent of say 10 
tons per square inch at the cir- -^*^- ^o. 

cumference, it will only be strained to the extent of 
5 tons per square inch .midway between the circum- 
ference and the centre, for the fibres will be lengthened 
only to half the amount of those at the circumference, 
which shows that only half the strain is acting. 

To find the resistance we have therefore 

W7 = 2 7rr. lOr +27r(r-l)(— )lO(r-l) + . . 

+ 2 7rl.?:.10.1, 

2^- 10^ ^^ + (^.-1)3+... +13J 



Or = ITS 

Whence s = 2 —J. 

irir 



r 

r 2^ 

= TT . 10 . ^ forr is large in comparison with 1. 
-■= IB'7 ?*^ = 2d^, nearly, 
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The torsional elasticity can be most conveniently 
measured by the distance moved through by the weight 
W at the point a (Fig. 19). 

If c is put for the fraction denoting the twist at b for 
a unit of the length of the shaft for a strain of a ton 
per square inch, the total twist at b, a being the length 
of the shaft, will be ; — 

irir 

-, . I 2m 2 WP 
and at a. t*^'^» « 1— ^.c. 

The following is the value of c for certain materials 
as obtained by Mr. Bevan — 

Wrought Iron and Steel , , -0002 

Cast Iron .,..., -0004 

Boxwood and Teak . . . . 'OISS 

Ash, Beech, Birch, Larch, Oak, and Pear -0224 to -0176 

Deal, Elm, Fir, and Pine . . '0330 to '0243 



Examples. 

1. A load of a ton per lineal foot rests on a brick wall 
18 ins. wide at 6 ins. from one edge ; find the pressure per 
square inch at each edge and at the centre. 

Answer 0, 10*4 and 20'8: 

2. If the load ia at the centre, give the pressures. 

Anmuer, 10*4, 10-4 and 10*4 lbs. 

3. If the pressure at one edge of a wall is zero, and the 
wall is 2 ft. 3 ins. thick, find the weight per lineal foot that 
can be safely placed on it, and the point of application. 

AnsivCVj 8*1 tons at 9 ins. from the other edge. 

4. The water is level with the top of a masonry wall 
which is 6 ft. thick ; find the maximum height of the wall 
consistent with safety, and the corresponding maximum pres- 
sure on the masonry. 

Answevj 9 ft. in. ; 17J lbs. per square inch. 
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5. A wrought iron tank is 40 ft. diameter, and 20 ft. deep ; 
find the strain on the metal at the bottom per inch in height, 
when it is full of oil. Answer^ ^ ton. 

6. In the last question give the number of ^ in. rivets 
required per lineal foot, and the necessary thickness of the 
iron, the rivet holes being punched and the resistance of the 
metal to tension and shearing being taken as 5 tons per square 
inch. Answer^ 7 rivets ; thickness, '30 in. or /^ in. 

7. In the last question, give the number of rivets and 
thickness of plate at 10 ft. deep. 

Ansicer^ 4 rivets; thickness, 'll in. or /^ in. 

8. In question 5, give the strain if the tank is full of salt 
water. * Ansiver^ '95 ton. 

9. A cast iron pipe 4 ins. diameter has to be tested with 
a head of 300 ft. of water, the resistance of the metal being 
taken at 3} tons per square inch, find the thickness. 

Answer^ '033 in. 

10. Find the pressure in lbs. per square inch which will 
burst a 3 in. cast iron pipe, if the thickness of the metal is 
\ in. Ansiver^ 2613 ITjs. 

11. The plating of a locomotive boiler 4 ft. diameter is 
\ in. thick ; find the pressure of steam that it will sustain 
when s is put equal to 5 tons, and the rivets are ^ in. 
diameter, and 1 J ins. pitch. 

Aiisicer^ 116 lbs. per square inch. 

12. An hydraulic press cylinder is 10 ins. internal, and 20 
ins. external, diameter. If the metal on the inside is strained 
to the extent of 6 tons per square inch, to what extent will 
that on the outside be strained and what pressure will the 
pipe sustain ? 

Ansiccr^ 1\ tons, and 3 tons per square inch. 

13. Two plates of wrought iron, 18 ins. wide and ^ in. 
thick, are connected by two cover plates and | in. rivets 4 J ins. 
pitch ; give the required thickness of the cover plates, and 
the number of rivete necessary. 

Answer^ \ in. ; 9. 

14. How many rivets would be required if the plates were 
lap jointed ? Ansiccr^ 17. 

15. What tensile strain may be safely put on these plates ? 

Ansioer^ 36J tons. 
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16. Two girders, 3 ft. deep, carry a single line of railway 
over a span of 30 ft. ; how many |- in. rivets must be placed 
at a joint 6 ft. from the abutment, if the web plates are -J- in. 
thick? 

Ansicer, 3. 

17. How taany should there be at the abutment ? 

Ansicer, 5. 

18. A footbridge is 50 ft. span and 6 ft. wide; if the 
girders are of the lattice type, 5 ft. deep and formed in 10 
bays by verticals for the struts and single diagonals for the 
ties, how many f in. rivets would be required for the 
diagonal next the abutment ? 

Anstcer, 4, if in single shear. 

19. Two plates, each 20 ins. wide and ^ in. thick, are 
joined by two f in. cover plates by means of 4 rows of 5 
i-J- in. rivets ; find the breaking weight, the tensile resistance 
of the metal being 20*6 tons per square inch. 

Anstcer, 153 tons to shear the rivets, 
165 n » break the plate, 
Exp, (Box, p. 17) No. 1, 164 » tore through the rivet holes, 
j> ji » )> 2, 153 » sheared the 10 rivets on 

one side. 

20. A force P is applied at the end of a rigid rod, and 
is resisted by three parallel and equally spaced forces p^ p^-, 
Psi Pi being directly opposed to P ; find their values in terms 

Ansicer, p^ = -JP, p^ = |P, Pa = - iP. 

21. Draw the lines of resistance in 
the reservoir wall shown in Fig. 21 
when full and when empty, and say 
whether any part of the masonry is 
exposed to a tensile strain, what this is, 
and what is the greatest compressive 
strain per square inch on the masonry. 

22. A tank to hold salt water is 20 ft.- 
diameter, and 10 ft. deep; find the 
strain per inch in height on the metal ,;-»- — — i ,/^^^. 
at 5 ft. below the top of the tank, if the 
water is 8 ft. deep. 

Answer, 160 lbs. 




Fig. 21. 
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23. In the last question what will the total pressure on 
the bottom of the tank be ? 

^ AnsiceVj 71*8 tons. 

24. If the tank in question 22 is of iron, give the pitch of 
the rivets if they are -^ in. diameter, and also the thickness 
of the metal at the bottom. 

An8tc€7*, 6t} in. and '06 in. 

25. Find the weight which must be applied at a leverage 
of 170 ins. to break the following cast iron shafts : — 

Diameter — 2 ins. 2^ ins. 3^ ins. 4 ins. 
Anstvevj -11 tons '22 tons '48 tons '88 tons. 
Exp. (Box, p. 298) -11 » '18 » -52 v -86 v 

26. Prove that in the case of a wrought iron tube, when 
no part of the metal is strained to a greater extent than 10 
tons per square inch, 



Wl 



= bl[r^-^r,^]. 



27. Find W for a tube of 2 ins. external diameter and 
i in. thick, the leverage being 2 ft. and the maximum strain 
on the metal 10 tons per square inch. 

Ansioer^ 5*4 cwt. 

28. The horizontal member of a channel iron has a strain 
of 1-J tons transmitted to it at one edge ; find the maximum 
unit strain on the metal if it is 3 ins. wide and ^ in. thick. 

An8ivei\ 5 tons per square inch. 



\ 



CHAPTER IV. 




TRANSVERSE STRENGTH. 

29. To find the deflection of a beam carrying a weight 
at the centre. 

Let the beam B B' 
(Fig. 22) carry a weight 
W at its centre, and 
be deflected to the ex- 
tent of D by it, and "f 
let I be its span. 

The beam will be tit 

supported at B and R by the reactions — , and in 

calculating the distance D, which is what is to be 
found, we may consider half the beam B R as a. 

W 

cantilever acted on by an upward pressure of -^ at 

a distance of ^ ; for a 

it amounts to the 
same thing whether 
we consider the 
beam supported at 
B and B' and de- 
flected downwards 
at the centre, or sup- 
ported at the centre 
and deflected up- 
wards at the ends, 
as in Fig. 23.* 

 It will be noted that the figure is very much exaggerated 
as regards D» 

86 
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Instead of taking an indefinite number n we will, 
for simplicity, assume this cantilever to be divided by- 
vertical lines into four parts, each equal to a, before it 

is strained ; we shall then have 4a = ^, and we will call 

s.j «2, «3, «4, the strains at the extreme fibres in each of 
these, either at the top or the bottom, caused by ,the 

reaction --. 

Then we have, by taking moments around the centre 
7?4, and calling the moment of resistance of the beam. 
Ml— 

8^M ='J-4a 
and so also s^M = — . 3 a 

s,M =-^. la 

Now, so long as the beam, if of wrought iron, is 
not strained to a greater extent than 8 or 10 tons per 
square inch, the top or bottom of each length a will 
be shortened or lengthened by an amount varying in 
direct proportion to the strain ; so that if the bottom 
in the portion which sustains a strain of s^ is lengthened 
by 8a, it will, in that portion which sustains a strain 
of /?4, be lengthened by 4 Za. 

"We will consider the portion C^ B^ C^ li^, 
in which the strain is s^, and the bottom 
2^3 JS^ consequently lengthened from a to <!-p - -.::i.^'o 
a + 4 Sa, and the top shortened from a to 
a - 4 8a. -— ^ 

The strain, if we consider li^ C^ fixed, *• ^' 
will cause C^ B<^ C^ B^ to revolve about yiq, 24. 
the point 0^ (Fig. 24) until C^ C\ becomes 



•--' 
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a — 4:Ba and B^B^, a-\-4: Sa, and then B3B4 will make 
an angle B^ B4 X, with B^Z, which angle we will call 0^. 
From O3 let fall the perpendicular O^K on -B4 X cutting 
£3 £4 in H (Fig. 23). Then, since the angle B^HO^ = 
KHB^ and the angles HB^O^j HKB^ are right angles 

the angle Bfi^H= B^B^X = 0^, 

and calling the depth ft, 

tan 0^ = tan £303^= ^ = 2 i^, 



also 



tan^,= ^^, 



so 



d4 = 2.4«. 

tt3 = ^.O . 

di = 2.P. 



aSa 



\ 



aha 






Hence D = dli + dg + ^3 + ^4« 



ft 
aha 

ft 
aSa 



(2) 



= 2i^(P + 2« + 3« + 4»). 

If we had divided the beam into n parts, we should 
have had in the same way 



D=2. ^l^A 
h 



12 + 22 + 



+ w 



o aSa n{n + l)(2n + 1) 
^^'h 6 



(3) 



ha 



Now the maximum extension 8jE=n-^, E represent- 



a 



ing the extension or compression of a bar caused by a 
strain of a ton per square inch, if s^ is in tons, in 
terms of its length. 
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3A 



Hence D= 2^». IJ-^^Ltllgl+l) 

h b 

= 2^-^sJE^ where w is large for then practi- 
cally w + 1 = w, 

.... (4) 
. (B) 



= hAE^ putting g for aw . . . 
TFZ* •« . , IF W/ 



I, J -._,» 



30. To find the deflection when the beam is rectangular. 

This is the simplest case that can occur, but in all 
cases the principle is the same. 

Let ABCD (Fig. 25) be the cross section of the beam 
in Fig. 22, and let its breadth be 6 
and depth h. 

If the beam i« of wrought iron, 
and the fibres are not strained to 
a greater extent than 8 or 10 tons 
per square inch, the strain will be 
a compressive strain, decreasing 
regularly from a maximum at AB 
to zero at XF, and a tensile strain 
increasing from zero at XY to 
a maximum at CD, 

If therefore the strain at AB is a 




- * ■*« ^-y- 



'n> 



Fig. 25. 

it will be zero at 



«. 



XY and ~ midway between, and the total strain may 

therefore be taken as s^ x (area of the triangle ABO) 
acting at its centre of gravity, for it is evident that 
this coincides with the centre of resistance. 

Hence the moment of resistance s^M of the beam 
will be 



6A2, _ hh^ 
8„ ^-.-A, or .«?„-g-. 



WP 
Thus (B) becomes D = /,4oE 



(6) 



40 STBUCTURAL MECHANICS. 

31. "We have taken the case of a wrought iron beam 
because up to the limit of 8 or 10 tons per square inch 
the increase in the length of a bar under a tensile 
strain is very regular, amounting to '0001 of its length 
for each ton per square inch, and the same holds good 
with the compressive strains. 

Thus if 8,^ acting at AB is .<?„ tons per square inch, 
the top will be compressed 'OOOS of its length, and 
midway to XY '0004 of its length, while at CD it will 
be extended -OOOS. 

With cast iron, however, the compression and ex- 
tension are not quite the same, nor is the latter regular 
for each ton strain. Hence not only is XY not quite 
in the centre of the beam, but the lines from to ^, 2^, 
Cy and D are, for strains under about 7 tons per square 
inch, slightly curved. 

32. To find the deflection of a wrought iron bar 2 ins, 
square^ carrying a ton at the centre of a 33 in, span. 

We have Z = 33ins., Tr=lton, £=-0001, 6 = 2 ins., 
and A = 2 ins., 

71 — ^^ '^ V •0001 
"4:2:2^ ' 

= •056. 

For a bar 3 ins. deep and 1\ ins. wide, 

= •022. 

For a bar 2 J ins. deep and X\ ins. wide, 

= •038. 

These three results agree exactly with the experi- 
ments given on page 104 of Baker's " Beams, Columns, 
and Arches." 
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33. To find the deflection of a beam of fir 2 ins, deep^ 
1| ins. wide and 3 ft. span, with a weight of 120 lbs. at 
its centre on the assumption that E is 'OOIG. 

363^ 
2240 
"We have D = ^ j^. ^3 x '0016, 

= -0833. 
The experiment (Barlow, p. 47) gave '09. 

34. To find the deflection of a deal beam 60 ins. span, 
2f ins, wide and 3J ins. deep, with 6 cwt. at its centre, 
the value of E being taken as '003. 

20 
We have I^ = ^^^;^J^ ^ 303, 

= •6. 
The author's experiment gave ^ in. 

35. To find the breaking weight of a rectangular 
beam. 

"We will again take the case of a wrought iron beam, 
and assume the resistance to tension and compression 
to be 22 tons per square inch. If the beam is just on 
the point of breaking the extreme fibres will be 
strained to the extent of 22 tons, which will cause 
them to be lengthened or depressed '034 of their 
length. (Baker, p. 102.) 

Thus those! half way to the neutral axis will be 
lengthened '017, which would be produced by a strain 
of 18 tons and which shows that this strain is there 
acting. 

So also those fibres three parts of the way to the 
neutral axis will be lengthened '0085, which indicates 
a strain of 16 tons. 
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By plotting these strains on the cross section of the 
beam (Fig. 26) it will be seen that instead of 

2 23 6 
we have very nearly 

^^_ hhh _ bh^ 
T2 



Hence 



or 






= s 



4 




Fig. 26. 



W=s''-j- where TFis in tons and I in ins., 



I 

s_bW 
12 



= zr^'-^ where W is in tons and I in ft. 



I 

The resistance of wrought iron to compression is 
rather less than to tension, so the value of / should 
be put somewhat under 22 tons, and, as the fibres near 
the neutral axis do not give out the full resistance, 
18 may be taken as a fair average value for it. 

Thus we have, where W is in tons and I in feet, 

3M8 

2 ~r* 



w 



36. In calculating the load that can be put on to the 
beam without straining it beyond the limit of elasti- 
city, we must take the formula 

M=yf^ as obtained from Fig. 25, 

o ° ' . 



and not = 



6^2 



V 



J? Fig. 26. 



37. To find the load that the beam will carry mthout 
being strained beyond the limit of elasticity at any point. 
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We have .- = sA/, 



or 



= 10. 









in the case of a rectangular 

beam, in which 8 is taken 
as 10 tons, 
where W is in tons, and 
6, d, and I are in inches. 



38. For timber we have no direct experiments to 
give the value of E. This has, however, been ob- 
tained from experiments on the deflection of beams 
on the assumption that it is the same for compressive 
and tensile strains as given in Barlow's " Strength of 
Materials," page 82. As the pieces tested were 7 ft. long 
and 2 ins. square, the formula 

D 



D = TTT-d E becomes D = 



i.e. E= 



Thus E= 



46ft« 
D 



2PH^ W 
1-16 



30U 
1-60 

160 
128 

200 
1;10 

226 
1-60 

200 
1-40 

160" 
125 

225 



x-24 = 
x-24 = 
x-24 = 
x-24 = 
x-24= 
x-24= 
x-24 = 



X -24, where W is in lbs. 
0009 for Teak, 
0025 » Oak, English, 



0016 
0011 
0019 
0022 
0013 



>> 



)) 



V 



7> 



?? 



Canadian, 

Dantzic, 

Adriatic, 



Ash, 
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Thus E=\^ x-24: 



0-75 

15U 
0-93 

160 
0-90 

125 

1-40 

126 

1-90 

125 



x-24 = 



X'24: = 



x-24 = 



x-24 = 



0016 for Beech, 
0030 » Elm, 
0018 V Pine, Pitch, 
0012 » V Red, 

0015 » Fir, New England, 

0017 ?j j> Eiga, 
0027 » » Mar Forest, 



X '24 = -0036 n Larch, 



39. The deflection is constant up to nearly half the 
breaking weight, and then becomes irregular. We may 
therefore put Jrd the breaking weight on timber with 
safety, but except in the most temporary structures it 
is better not to put more than ith or -Jtb on it. 

40. As we have no experiments giving the value of 
E for each ton load per square inch in tension and com- 
pression, it is difficult to establish a theory for the break- 
ing weight as has been done in the case of wrought 
iron. The experiments just alluded to, however, gave 
the breaking weights for the different pieces, and 
the position of the neutral axis -was found by careful 
observation. In some it was 1*3 ins. from the top of 
the beam, and in others 1-2 ins., which is where we 
should have expected it to be, as the iiensile strength 
of most of the woods is about double the compressive 
strength, so that the beam on the point of breaking 
exposes |rds of its section to resist the crushing and 
-j-rd to resist the tensile strains. When first strained 
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the neutral axis would be at the centre of the beam, on 
the assumption that E is the same for tension and 
compression, but before the breaking point was reached 
it would move lower down as shown 
in Fig. 27. 

If the fibres are extended as in 
the case of wrought iron, at the 
breaking point, we should have 



jtfU^r/utjL 




~l =s'M=s'b. -4^ I nearly, 

= sb¥ . -2, Fig. 27. 

where s' is the resistance to the tensile strain. 

Or if the elasticity is perfect right up to the break- 
ing point, 

sM= s.i (b X '4h) ihy 

= sbh^x '133. 

The true value is probably something between these, 
or say : — 
Wl 

or W = '7 s, 

which in the case of the 2 ins. x 2 ins. pieces becomes 

2^ 8 
W= *7g2^ "^ f5 where TTand s are in tons, 

W 



so, 



160 
W . 



n TFis in lbs. and s in tons. 



or = Yqr in the case of Ash, Red Pine, and Fir ; 

for with these woods the neutral axis was 1*3 from the 
top instead of 1*2 
8 W 



and so s= 



7 160- 
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The following table gives the value of W for the 
different materials tested and the consequent mean or 
approximate value of s : — 





W in 


tbt. 


S in tons. 


Teak. . . , 


. 820 to 1020 


. 6 


Oak, English . 
)) Canadian 


. 421 )) 
. 660)) 


•708 


. 3 

. 4i 


)) Dantzic . 


. B20)) 


580 


. 3.i 


Beech . . . 


. 565 )) 


615 


. 4 


Elm .... 


. 368 )) 


398 


. n 


Pitch Pine . . 


. 595 )) 


650 


. 4 


Larch . . . 


. 300)) 


340 


. 2 


Ash .... 


. 760)) 


780 


. 6 


Red Pine . . 


. 470 )) 


530 


. 4 


Fir, New England 403 »i 
» Riga . . . 406 )) 
» Mar Forest . 360 )> 


446 
440 
465 


CO CO CO 

• • • 



}1 



Direct Experiment gave 6^ tons for Teak, 4 to 5 tons 
for English Oak, and B tons for Beech. 

In calculating the strength of the foregoing we may 
take as the value of «, for the breaking weights and 
safe loads. 

Tons. Ton. 

For Teak and Ash 6 and 1 respectively. 

» Oak and Pitch Pine . . . 4 » ^ 
>? Elm, Larch, and Fir . . . 2i n ^ 

in the formula 

where W and s are in tons, and 6, h and I in inches. 

It will be noticed that if -J-th the breaking weight is 
put on a beam, the extreme fibres will be strained to a 
greater extent than ith the breaking tensile or com- 
pressive weight, for the moment of resistance will be as 
in Fig. 26 in the one case, and as in Fig. 26 in the 
other. 
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41. With cast iron, owing to the unequal extension 
under a tensile strain, the deflection is irregular. The 
extension varies from •00016 of the length per ton per 
square inch under a strain of one ton, to '00024 per ton 
per square inch under a strain of 7 tons. The com- 
pression within these Umits is about '00018, and is 
nearly constant. 

Thus for a beam in which the extreme fibres are not 
strained to a greater extent than 6 tons per square inch, 
the deflection should practically follow the same rule 
as in the case of wrought iron, the neutral axis being 
about the centre of the beam. 

42. To find the deflection of a cast iron bar 1 in. square 
tcith a load of 1 lb. at the centre of a 12 in, span. 

We have D^^^^E, 

JNow sjince « o = sM = *'~^» 

3 TFZ 3 W^^.12 ] 
*-^- *""2 6A«~2 1.1^ " 125 ^^^' 

E may be put at say '00015, and we get 

i__ 1 93 

-P= l"i 13 ••00015, 
4x1x1^ ' 

= •000029, 

and this is the mean result of a large number of ex- 
periments. (Box, p. 186.) 

43. To find the deflection of a cast iron bar '65 ins, deep 
and 1*3 ins, wide with a load of 120 lbs, at the centre 
of a 35 in, span. 

Since 3T^7_3 AVgx35 

= 6 tons. 
We may put i:= -00018. 

Hence D = /%ii||i- . -00018, 

4 X 1-3 X (-66)^ 

= •29. 
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Tested with a weight of 162 lbs. the deflection was 
•27. (Baker, 100.) 

44. For the breaking weight of cast iron : — 

Since the tensile resistance is ^th the compressive, 
we 'might expect to find the neutral axis dividing the 
beam m the proportion of 6 to 1, as in the case of 
timber, in which the tensile resistance is double the 
compressive, and the neutral axis has been proved by 
experiment to be at a depth of -Jrds of the beam. 

It seems that until the strain comes to nearly 7 tons 
per square inch, the neutral axis is nearly at the centre 
of the beam ; whence it follows that the extreme fibres 
are strained almost up to their break- 
ing weight long before the beam 
actually does break. 

We may suppose the beam to be 
strained as in Fig. 28, when the 
strain on the extreme fibres is a little 
under 7 tons. 

Any addition to the weight after 
this will cause the neutral axis to f^^- ^^• 

move upwards, until it reaches the position shown 
in Fig. 29. 

If at the breaking point the i— 
whole of the top part gave a re- 
sistance of 42 tons per square inch, 
and the whole of the bottom 7 tons, 
we should have 




Wl r, .6,h 
-2 2 =^^¥2 



= 36ft«, 



or 



?> 



-^-^72' 




Fio. 29. 



i.e. Tr= 12 






= 36^2, 
where Z is in inches. 



6*^ 
I 



?) 



J) 



feet. 
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By actual experiment, as we should expect, W is not 
quite -j-~t but the mean of a large number of experi- 

ments has given 

and this may be taken as the correct formula for cal- 
culating solid beams of cast iron. 

It must be noted, however, that if we take the safe 
load as ^rd of the breaking weight, we shall put a 
strain on the extreme fibres exposed to tension of much 
morei than | or 2^ tons, for we have, as in Fig. 28, 

W I ,h¥ 
-2 2=^"6" 

8' hh^ 



or W' = 



18/ 



and so, if Tr = — , we have .-._-=-- x -O-.-, 

o lo / o / 

« 

whence we get s' = 18 x -3 = 54 tons. 

46. To find the breaking weight of a bar of cast iron 
2 ins, square and 20 ins. sjpan, the resistance of the metal 
to tension being 12 tons per square inch. 

The resistance of the metal to compression is not 
stated, so we will take it at 42 , « • 

tons per square inch at the point 

of fracture. 

The neutral axis will then divide 
the bar in the proportion of 42 : 12, 
i.e. of 7 : 2, and we have Fm. 30. 

= 2 ins. X - 2 ins. x 12 tons x 1 in. x '9, 

from which we get W= 6*72 tons. 
Experiment gave from 6-8 to 6*7 tons (Barlow, p. 166). 

E 
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46. To find the deflection of a wrought T. I. bar 3 ins. 
by 3 ins. by i in. 26 ins. span, when the extreme fibres 
are strained to 10 tons per square inch; also the central 
load that it will carry when so strained. 

The strain of 10 tons per sciuare inch at the extreme 
fibres will be reduced to zero at the neutral axis. 

Hence the resistance of the top portion (Fig, 31) 
will be equal to the 
area of the shaded 
part multiplied by 
10 tons. 

Now, since the 
extension and com- 
pression of wrought 
iron are the same 
per ton within the ' "" 
elastic limits, the 
web will be length- 
ened at the depth 
of -93 below the 
neutral axis to the 
same extent as it is 
compressed at -93 
above it, and the ^"- ^^■ 

extreme fibres in the ilange, instead of being  strained 
to the extent of 10 tons per square inch, as they would 
be in a beam of symmetrical cross section, are only 

'93 
strained to n^^in x 10, or to 4'6 tons. 

The position of the neutral axis is a httle difficult 
to find. It must be in such a position that the area 
of the shaded part above it is equal to that below 
it ; that is to say, the resistance offered to compression 
above the axis must equal the resistance to tension 
below, as in all girders. The simplest way to find it 
is to assume some position and then draw the lines as 
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in Fig. 31, and then if the top area is larger than the 
bottom, to try another position nearer the top, and so 
on again until the areas are equal or nearly so. 

It will of course be noted that the neutral axis passes 
through the centre of gravity of the beam, so that this 
is really what has to be found.* 

In Fig. 31, it has by the above process been found to 
be at a depth of 2*07 from the top, for we have : — 

ix 2-07 ins. x^in. * ='517, 

andix-43x^ x-B0 + -60x^x3 =-616. 

To find the effective depth of the beam it is necessary 
to find the centre of resistance, or, which is the same 
thing, the centre of gravity of each of the shaded parts. 

This for the top is frds of 2*07 =1-38 from the 
neutral axis, and for the bottom 



(Jx3x-60)x- 
"*■ -516 

Ml 



^ X 3 X -50) X -763 

—^m ' 

•0223 X I X -43 + -3115 x -68 + -1812 x -763 ^.^ « 

i.e. -69. 



* In the simple case under consideration the distance of the 

centre of gravity from the top of the T. I. is M^^f + lij<U^ j^ 

14 + it 
is only for the more complicated sections that the method given 
in the text of finding it is applicable. 
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To find the deflection we have 



6A" 



2BM0. -0001 



6 X 4-14 
= -025. 

And to find the weight that can be carried at the 
centre, we have 

^.^ =il/.10 = -BIB X (-69 + 1-38) X 10, 



22 



= 10-66. 



Hence 



Tr= ^ X 10-66, 
25 



k-- •> 4 



= 1-7 tons. 

Thus a weight of 1*7 tons will deflect the T. I. •02B ins,, 
and induce a strain of 10 tons per square inch on the 
extreme fibres. 

47. The symbol M has been put for the moment of 
resistance of a beam, and has been obtained graphically 
in the case of a rectangular bar, such as ABCD 
(Fig. 32), by drawing lines from 
the points A^ J5, C^ D to on the 
neutral axis. The area of one of the 
triangles AOB, COD multiplied by 
the distance apart of their centres of 
gravity, or, which amounts to the 
same thing, the area of the two 
triangles each multiplied by the 
distance of its centre of gravity from 
the neutral axis, gives the value of 
M as already explained. Thus we 
have from tEe fi^e 




Fio. 32. 



M=a.re&ofAOBx^BD 
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or 3f = area of AOB x ? J5r+ area of COD x ^DY 
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This does not mean that only the shaded portions of 
the beam are strained, but that the unit strain decreases 
from a maximum at AB to zero at the neutral axis 
XY. Thus if we take a fibre distant x from XY^ the 

unit strain on it will be ^/?, 8 being the maximum unit 

strain. _ 

2 

We may express this algebraically thus : — 

Let the whole area of the cross section ABCD be 

divided into a number of small areas equal to 

1) 2) 3) •  • *^n dlSuanii ^1) *^2) ^3) • • • Xf^ 

respectively from the neutral axis, and we shall have 



n n n 

2 2 2 

= I a^x^^ + a^o;/ + . . . + a^x^^ | ^» 
^ . '2 

i.e. M ^ = a^x^^ +0^2^ + . . . ^-a^x^. 
The symbol '^ax^ may be put for the sum 

Thus we have ilf ^ = Sox'. 

/ is generally put for I.ax^. It is called the Moment 
of Inertia of the cross section, and is, as we have seen, 
the sum of the small areas, into which this is divided, 
each multiplied by the square of its distance from the 
neutral axis. 

Again, if -4 is the whole area, Ar^ may be put for /, 
r being called the ^^Raditis of GyrationJ^ 

Thus we have M^ = lax^ = /= Ar\ 

48. We will conclude this chapter with a summary 
of the results obtained. 
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(a) To find the deflection of a beam of uniform section, 
we have the formula 

D ~ ^ V 

= -Ajj^^E for a rectangular beam. 

In this D is the deflection in inches at the centre, 
W 77 weight 77 tons ?> 

I 77 span 7? inches, 

M 77 moment of resistance of the cross 

section in inches, 
& 77 breadth of the beam in inches, 
h 77 depth of the beam in inches or rather 

twice the distance of the fibres 
most strained from the neutral 
axis, 
E 77 the part of its length that a strain 

of a ton per square inch would 

lengthen each material. 

Except in the case of cast iron the value of E is 

constant up to nearly half the breaking weight, after 

which point it increases rapidly. It may be taken as 

follows : — 

Cast Iron -00018 Teak -001 

Wrought Iron -00010 Oak and Pitch Pine '002 
Steel -00008 Fir -003 

(6) To find the deflection when the moment of re- 
sistance is proportional to the strain, we have from 
example B3 seq. 

(c) The strain on the extreme fibres is given by the 

formula 

Wl 
s = Tj^ where s is in tons per square inch. 
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For wrought iron and steel this is the formula from 
which the strength of a beam may be calculated, and 
in order that no portion of the material may be strained 
beyond the elastic limit, s should not exceed 10 tons 
for wrought iron, or about 20 tons for steel ; but if the 
ultimate resistance s' is exactly double s, the break- 
ing weight W will be more than double TT, as will be 
seen from (35), where we have for the breaking weight 

M 

= -y- X '95 for a rectangular beam, 

the value of s' being for wrought iron 22 tons, and for 
steel 36 tons. 

{d) With timber we have for the breaking weight 

W= -f- X *7s in some cases, and -j- x '6s in others, 
b¥ 

in which the approximate value of c is as follows : — 



Teak . 


4 


Riga Fir 


2 


Oak . 


n 


Deal . 


2 


„ African . 


4i 


Ash . 


3i 


Pitch Pino . 


3 


Elm . 


2 


Yellow „ . 


2i 


Mahogany, 


3 



The deflection is constant up to about half the break- 
ing weight, so that ^rd of this may be put on without 
injuring the timber. In permanent structures, however, 
ith or |th of the breaking weight should not be ex- 
ceeded, so that c should be put f for Teak, | for Oak, 
Pitch Pine and Ash, and | for Fir and Deal. 

(e) Cast iron is a material which requires quite dis- 
tinct consideration, owing to the great difference between 
its resistance to tension and compression. If the tensile 
resistance of the metal is 7 tons per square inch, and 



56 STRUCTUBAL MECHANICS. 

a beam is so loaded that the strain on the extreme 
fibres is a little less than 7 tons per square inch, the 
neutral axis will occupy nearly the same position as 
it would for a wrought iron beam ; but on a further load 
being added, it wul move until at the breaking point, 
in the case of a rectangular bar, it divides the parts 
exposed to tension and compression nearly in the pro- 
portion of 6 : 1. 

In the absence of experiments giving the resistance 
of the same metal to tension, compression and trans- 
verse strain, it is impossible to frame a correct theory ; 
but Examples 40 to 46, 50, 61, and 66 to 64, seq., may 
be taken as a good guide for calculating the strengths' of 
beams of various sections. 

Round bars are 10 per cent, weaker than square bars 
of the-same sectional area, and square bars placed with 
one of their diagonals vertical 20 per cent, weaker. 

For rectangular bars we have the formula 

W= -f- X '9, where I is in feet, 

b¥ 
and so for round bars, Tr= -y- x -8, 

and for rectangular bars placed diagonally, 

W=-j x-7. 

In this instance h is the depth of the bar, and not 
twice the distance of the extreme fibres from the neutral 
axis as before. 

Examples. 

1. Find the deflection of a wrought iron bar 2 ins. square 
25 i«is. span with a load of 3 tons at the centre. 

Ansicer^ '073 in. 
Exp. (Baker, 104), -079 „ 

2. "What is the greatest load that this bar will carry, if the 
extreme fibres are not strained to a greater extent than 10 
tons per square inch ? Answer ^ 2*13 tons. 
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3. Find the central breaking weight of this bar. 

AnsiveVy 5*76 tons. 
Exp. (Baker, 31), 6*25 „ 

4. How may the differeijce between the calculated and 
experimental result in (1) be explained ? 

5. A bar of steel If ins. square sustains a load of 1,000 lbs. 
at the centre of a 25 in. span ; find the deflection. 

AnsiceVy '0015. 
JEJjr/?. (Baker, 113), '0015. 

6. A plate of steel 18 ins. wide and ^ in. thick sustains a 
weight of a ton at the centre of a 35 in. span ;. find the deflec- 
tion. Ansicer, '38 in. 

Exp. (Baker, 113), -37 „ 

7. Find the breaking weight of a bar of steel 1 in. square 
and 12 ins. long from first principles. Answer^ 2*7 tons. 

8. Find the breaking weight of a steel bar If ins. square 
and 25 ins. long. Ansioer, 6*9 tons. 

Exp. (Baker, 56), 7*3 „ 

9. How much will a weight of 180 lbs. deflect a fir beam 
2 ins. wide, IJ ins. deep and 6 ft. span, if JE='0018 ? 

Ansiver, 2*00 ins. 
Exp. (Barlow, 47), 1-85 to 2-00 „ 

10. What will the deflection be if the beam is 3 ins. deep 
and li in. wide ? Ansicer, '333 in. 

Exp. (Barlow, 50), -375 and .-287 „ 

11. In the last case give the strain on the extreme fibres.. 

Ansiver, '64 ton. 

12. Find the weight which, placed at the centre of a 5 ft. 
span, will break a piece of deal 2| ins. wide and 3 J- ins. deep, 
from section 40. Ansicerj '71 ton. 

Exp. (Author), '81 „ 

13. Find the central breaking weight of a piece of fir 7 ft. 
span and 2 ins. square, by section 40. Anmver^ 357 lbs. 

Exp. (Barlow, 84), 406 to 440 „ 

14. Find the deflection of this piece under a central load 
of 125 lbs., if E= -0018. , Ansiver, -93 in. 

Exp., -94 to -81 „ 

15. In the latter case to what extent will the extreme 
fibres be strained ? Ansioer, '88 ton. 

16. Find the deflection of a beam 1| ins. wide, 3 ins. 



58 STRUCTURAL MECHANICS. 

deep and 8 ft. span, under a central load of 180 lbs., if 
-E=-0018. Answer, 'Id in. 

17. What is the maximum induced strain per square inch ? 

, Ansicerj 17*14 cwt. 

18. The span being 10 feet in (16), give the deflection. 

Ansicerj 1*54 ins. 

19. Give the maximum induced strain in this case. 

Answer y 1*07 tons. 

20. Find the strain on the extreme fibres of a beam 1| ins. 
deep and 3 ins. wide, when loaded with 80 lbs. at the centre 
of an 8 ft. span. Answer^ '76 ton. 

21. Calculate the strength of a beam of oak, from first prin- 
ciples, on the assumption that the neutral axis is at the centre 
of the beam, the resistance to tension and compression 4 J 
tons per square inch, and the elasticity perfect to the break- 
ing point. , „, ^ hh^ 

^^ ^imcer, T^=3-^-. 

22. Find the bi'eaking weight of a beam of oak 4f ins. 
square at the centre of a 7 ft. 6 in. span from this. 

Ansioer, 2*56 tons. 
Exp. (Barlow, 55), 2*50 „ 

23. What is the breaking weight if the beam is 5^ ins. 
square and the span 15 ft. ? Ansicer, 2*5 tons. 

Exp. (Barlow, 55), 2*5 „ 

24. What would the ultimate deflection in (22) be, if the 
law of elasticity held good up to the breaking point ? 

Ansicer, 2*8 ins., if ^='002. 
JE;a?p. (Barlow, 55), 3-47 „ 

25. Find the breaking weight of a piece of oak 7J ins. 
square and 15 ft. long, by (21). Answer, 7 tons. 

Exp, (Barlow, 56), 6*5 „ 

26. Find the breaking weight of a piece of pitch pine 
2 ins, square and 10 ft. long, by section 40. 

Answer, 3*55 cwt. 

27. Find the deflection of a piece of pine 14 ins. wide and 
7 ins. deep, with a load of 8| tons at the centre of a 5 ft. 
bearing, putting ^='003. Answer, -287 in. 

Exp. (Baker, 130), | .'^g ;; 

28. In the last example find the value of s, 

Anstver, 1*12 tons. 
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29. Find the strain on the extreme fibres and the deflec- 
tion of a cast iron bar 1*3 ins. wide and '65 in. deep, with a 
load of 162 lbs. at the centre of a 35 in. span. 

Answer^ s = 6'9 tons, • 
Z)= '39 in. 
Exp. (Baker, 100), -27 „ 

30. Find the strain on the extreme fibres and the deflec- 
tion of a wrought iron bar 1^ ins. wide and 3 ins. deep, with 
a ton at the centre of a 33 in. span. Ansicer^ «=3*66 tons, 

Z>= -022 in. 

Exp. (Baker, 104), | .^^ |' 

31. The moment of resistance of a GO lb. double-headed 
rail, 4 1 ins. deep, is 6*7 ; find the deflection under a load of 
a ton at the centre of a 33 in. bearing. Answer^ '005 in. 

Mean o/33 Exps. (Baker, 105), -005 \„ 

32. Find « and Z) for a ^ in. steel plate 24 ins. wide, with 
a ton at the centre of a 75 in. span. Ansiccr, 8 = 18*75. 

D= 2-8 ins. 
jEipp. (Baker, 113), 3-0 „ 

33. Find the deflection of the 84 lb. rail shown in Fig. 33, 
when loaded with 2,000 lbs. at the centre of a 60 in. span ; 
find also the strain on the extreme fibres, the depth being 



4^ ins. 



34. What weight 
will the rail in the 
last question carry- 
when the greatest 
strain on the metal 
is 10 tons per square 
inch? 

Anstcerj 5*81 tons. 

35. What will the 
distributed weight 
be in the last ques- 
tion when the span 
is 6 ft? 

Anstvevj 9*68 tons. 



Anstcer, 8 = 1*5 tons, 
Z>= -014 in. 



Exp. (Baker, 114), { [gJJ ;; 
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36. What is the breaking weight of a bar of cast iron 1 in. 
square and 54 ins. span ? Ansicer^ 448 lbs. 

(357 
Exp. (Baker, 21), { to 

(581 

37. rind the central breaking weight of a rolled joist 
2*56 ins. wide, 3*7 ins. deep, with both web and flanges \ in. 
thick, the span being 48 ins. Aiwicer^ 6*00 tons.. 

Exp. (Baker, 35), 6*25 „ 

38. What load can be put on the T. I. in section 46, so that 
the extreme fibres shall not be strained to a greater extent 
than 5 tons per square inch, the span being 60 ins. ? 

Anstcer, 7*1 cwt. 

39. How much will a weight of a pound deflect a bar of 
wrought iron 1 in. square and 12 in. span ? 

Ansiver, -0000193. 
Exp. -0000192. 

40. Find the central breaking weight of a piece of cast 
T. 1. 4 ins. wide, 1*35 ins. deep and J in. thick, placed with 
the web uppermost, the span being 4 ft. 3 ins. and the tensile 
resistance of the metal 6J tons per square inch. 

Answer, 1,028 lbs. 
Exp. (Box, 197), 1,008 „ 

41. In the last question, what would the weight be if the 
position of the T. I. was reversed ? Ansicer, 253 lbs. 

Exp. (Box, 197), 270 „ 

42. In example 40, if the beam 
is 5 ins. wide, 1-56 ins. deep, tho 
flange '3 in. and the web -365 in. 
thick, and the span 6 ft. 6 ins., 
what will the breaking weight be ? 

Ansicer, 1198 lbs. 
Exp. (Box, 197), 1120 „ 

43. In the last question what 
would the weight be if the position 
of the T. I. was reversed? 

Aiisicer, 316 lbs. 
Exp. (Box, 197), 364 „ 

44. Find the deflection of the 
girder in Fig. 34, the span being 
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16 ft. and the central load 7 tons. AnsiceVf 0*25. 

Exp. (Box, 202), mean of 11 tests j 0*24, 
{Reduced from a 14: ton load) J „ „ 12 „ 0*26. 

45. Find the breaking weight of this girder. 

Ansivevj 38*7 tons. 
Mean of 13 Exps. (Box, 202), 38*3 „ 

46. The strain on a piece of T. I. 1^ ins. x 1 J- ins. x i in. is 
nowhere greater than 10 tons per square inch ; find the de- 
flection and load carried if the material is wrought iron and 
the span 5 ft. Ansivevj Load, 1*2 cwt. 

Deflection, "353 in. 
Exp. (Author), '342 „ 

47. Find the breaking weight of the T. I. in the last 
example. AnsiceVj 4*3 cwt. 

Exp. (Author), 4*5 

48. Find the deflection of a 2 ins. x 2 
ins. T. I. with 5*8 cwt. at the centre of 
a 5 ft. span, the vertical web being -J in. 
thick, and the horizontal flange ^ in. thick. 

Answer, '29 in. 
Exp. (Box, 215), -26 „ 

49. Find the breaking weight of this 
T. I. ' Ansiverj 17*6 cwt. 

JS^i?. (Box, 214), 17-5 „ 

50. Four beams, as shown in Fig. 35, 
were tested by Mr. Clark with a weight 
at the centre of a 6 ft. span and the „ ^^ 
breaking weight varied from 2*45 to 2*2 

tons, the mean being 2*3. Taking the tensile strength of 
the metal as 7 tons per square inch, 
draw approximately on the section the 
relative strains given out by the 
different fibres. (Box, 198). 

51. Do the same thing in the case 
of Fig. 36, where three experiments 
gave 2*00, 2*05 and 2*40 or a mean 
breaking weight of 2*15 tons. 

(Box, 198). 

52. In example 12 the deflection under 
a load of 1,100 lbs. was 
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find the value of E, 

Ansiver, '0025. 
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53. Find the deflection of a l?eam in which the moment 
of resistance is proportional to the strain. 

Answer, D— -^ttttst^. 

loMn 

54. Find the deflection of an oak beam 2 ins. square with 
196 pounds at the centre of an 8 ft. span, if '002 is put 
for E, Ansicer, 2*4 ins. 

Mean of a number of Experiments 

Riga 2^/r (Barlow, 58), 1-3 
Dantzic Oak » 
English „ >» 
Pitch Pine » 

55. Find the deflection of a 
piece of fir 2 ins. deep and 1 in. 
wide, with a load of 420 pounds 
at the centre of a 30 in. span. 

Answer y if iJ=*003, '47 in. 
Exp, (Barlow, 73), -44 „ 

56. Find the central break- 
ing weight of the cast iron 
beam in Fig. 37 for a span of 
48 ins. Ansicer, '9 ton. 

Mean of 6 Exps. 

(Barlow, 154), M „ 

57. Find the breaking 
weight, if the side AA is 
horizontal. Answer, 1*3 tons. 

Mean o/4 Exps, (Barlow, 154), 1*6 „ » — 

58. Find the breaking weight of the cast iron ' 
girder shown in Fig. 38, on the assumption that 
half the web gives out the full strain of 7 tons 
per square inch, the span being 4 ft. 6 ins. 

Ansioer, 3 tons. 
Exp. (Barlow, 173), 3 „ 

59. Find the breaking weight if the top flange 
is If ins. by -J- in,, and the bottom If ins. by \ — ' 4^1 

the other conditions being the same. " 

Answer, 3*36 tons. Fio. 38. 
Exp. (Barlow, 174), 3*30 „ 

60. Find the breaking weight if the top flange is 1 in. by 
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•3 in., and the bottom 2 in. by '6 in., the other conditions 
being the same. Answer j 4*0 tons. 

Exp, (Barlow, 174), 3*7 

61. Find the breaking weight of the girder 
in Fig. 39 under the same conditions. 

Ansicer, 4*2 tons. 
Exp. (Barlow, 174), 3*9 „ 

62. Find the breaking weight of the girder 
in Fig. 38 if the top flange is 1 in. by '34 in. 
and the bottom 3 ins. by J in., the depth and 
span being as before. Answer, 4*9 tons. 

Exp. (Barlow, 176), 4*8 „ 

63. Find the breaking weight if the top 
flange is 1| ins. by '3 in., the web '34 in. thick 
and the bottom flange 5^ ins. by ^ in., the 
other conditions being as before. 

Answer, 7*5 tons. 
Exp. (Barlow, 177), 7*5 

64. Find the breaking weight 
of the beam shown in Fig. 40, 
neglecting the vertical web, the 
span being 7 feet, 

Anstver, 5*3 tons. 
Exp. (Barlow, 180), 6-1 „ 

65. Give the deflection of a 2 
in. square bar of wrought iron with 
4,500 lbs. at the centre of a 25 in. 
span. Answer, '049. 

Exp. (Barlow, 256), -049. ^ 
6G, If the common rafters in 
a roof are pldced 15 ins. apart, centre to centre, and are 
2 1 ins. wide and Sj ins. deep, what is the greatest span that 
should be given to them, the pressure of wind and roof 
covering being taken at 56 lbs. per square foot vertical ? 
With this span what will the deflection be if E = -003 ? 

Ansioer, Span, 6 ft. 10 ins. 
Deflection, '51 in. 
67. Find the greatest span and corresponding deflection 
for 1 in. slate boarding. Anstver, Span, 5 ft. 2 ins. 

Deflection, "96 in. 
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68. Find the greatest span and corresponding deflection for 
9 in. by 3 in. purlins placed 4 ft. apart and 8 ft. apart. 

AnsiveVj Span, 11 ft. 7 ins. and 8 ft. 2 ins. 
Deflection, '53 in. and '26 in. 

69. The joists in the floor of a house are 12 ins. apart 
centre to centre. If they are 2 J- ins. wide and 7 ins. deep. 
And the maximum span and corresponding deflection. 

AnsiceVj Span, 11 ft. 8 ins. 
Deflection, "7 in. 

70. The flooring boards of a platform at a passenger station 
are carried by joists, placed 2 ft. 6 ins. apart centre to centre. 
The width being 3 ins. and the span 6 ft., find the depth and 
deflection. Answer^ Depth, 6^ ins. 

Deflection, '2 in. 

71. In the last question, if the platform was for a ware- 
house, what would the depth and deflection be ? 

Ansicer^ Depth, 9 ins. 

Deflection, '14 in. 

72. The pitch pine cross bearers in a railway bridge are 
11 ft. span, and carry a distributed load of 16 tons; give 
their size and deflection if they are square. 

Ansiverj 13 ins. x 13 ins. 
Deflection, '32 in. 

73. If the span in the last question is 16 ft., give the size 
and deflection, Ansicer^ 14^ ins. x 14.} ins. 

Deflection, "64 in. 

74. What weight applied at the centre will break a balk of 
pitch pine 12 ins. square and 20 ft. span ? 

Answer, 21 ^ tons. 

75. Find the deflection of this timber, when loaded with an 
equally distributed load of 20 tons. Ansicer, 3^ ins. 

76. If a single line of railway is to be carried over an 
opening by two 12 ins. by 12 ins. balks of Riga fir, what 
must the maximum span be ? Ansicer, 6 ft. 

77. What would the span be if the balks were 14 ins. by 
14 ins., and of pitch pine ? Ansiver, 14 ft. 3 ins. 

78. A roadway bridge is formed of fir balks laid close 
together side by side, and covered with 6 ins. of metalling. 
If the thickness is 12 ins., find the maximum span. 

Answer, 31 ft. 
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79. In the last case give the proper depth for a span of 
12 ft. Ansicer^ 4*65 ins. 

80. A footbridge floor is 3 ins. thick ; find the maximum 
span. Ansicer, 10 ft. 11 ins. 

81. Find the distributed load which a steel joist will 
carry without any portion of the material being strained to 
a greater extent than 10 tons per square inch, the span being 
20 ft., the width 6 ins., the depth 12 ins, and the metal -| in. 
thick. Ansivei', 16*8 tons. 

82. Give the deflection of a beam of pitch pine 11*5 ins. 
wide, 11*4 ins. deep and 12 ft. span, under a central load of 
(a) 9 tons, (b) 13 ^ tons and (c) 18 tons. 

Anstce'v '78 1*17 1*56. 
Exp, (Min. Inst. C.E., 53-158)' 'bl\ 0*84', 1*37'. 

83. Give the deflection of a beam of Baltic redwood 11*88 
ins. square and 12 ft. span, under a central load of (a) 4| 
tons, (b) 9 tons, (c) 13^^ tons. Answer, -50, 1*00, 1'50. 

Exp, (Min. Inst. C.E., 53-158), '30, 0*83, 1*40. 

84. In examples 82 and 83, give the breaking weights. 

Answer, 31*0 tons and 23*3 tons. 
Exp,,2hl „ 16*0 „ 

85. Show that the deflection at a point distant x from the 

centre of a beam loaded at the centre is (i^— (2a?)3 L-.-^', /- 

\ /24kMJi, 



i* 



CHAPTER V. 



THE AECH. 



49. In Fig, 41 let the weights p,, ihj • • • -P77 ^^ ^^ 




ported through the medium 
of the chain 0,1 ... 8 at 
the points and 8 by the 
reactions RJS.{ and H^^z } 
to find the position of 
equilibrium by the graphic 
method. 

To find the position of 
the line of equilibrium we have— 

2?i.8 =jpi.7 +JP2.6 + . . . +JP7-'') 

and jB2.8=jpi.l+jp2-2+ • • • +JP7-7, 

and from these equations i?i and E2 may be obtained 

P P2> • • • JP7» l^^i^K l^^own. 

Draw the horizontal line XO and the vertical line 
aXb, and make bX = E^ and aX = E^\ set off i>, , p^, . . ; Pi, 
between 6 and a ; take any point on OX and jom 
Oa, Oc. . . . etc. 
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Draw 8J parallel to aO, 7M parallel to cO^ etc., and 
0J3^ . . , 8 will be one of the lines of equilibrium. 

It is manifest that there are an infinite number of 
curves of equilibrium each depending on the position 
of 0. 

When pi, p2^ . . . JO7 are all equal, the curve is a 
parabola, as can be proved by conic sections ; but when 
OJ, 13 . . 7.8 are equal instead of OX, l'J2\ . . T .8\ 
it is a catenary. 

60. Tlie curve may also he found hy the method of 
moments, and this is the more convenient way when ice 
wish to make it pass through any fixed point. 

Suppose we wish it to pass through the point 5, we 
have by taking moments about o and putting S for 
the horizontal strain : — 

E^^,-p^,2-p.il = S.3.3\ 

The value of S being obtained from this equation, 
the value of IS, ^.^', etc., can be found by taking 
moments in the same way about i',fi?', etc. 

Bl. In the case of an arch, the position of the curve 
of equilibrium may be obtained in the way given in 
either of the last two sections, but it will be above 
the horizontal line 0,8, and the strains will be com- 
pressive instead of tensile. 

B2. With a brick or stone arch, the material of 
which is not capable of resisting a tensile strain, the 
line of resistance must fall at all points within the 
middle third of the thickness, as has been shown in 
section (21); but in one of timber or metal it may fall 
outside altogether. 

The curve of equilibrium has an infinite number of 
positions; but in the former case, that which agrees 
nearest to the centre line of the arch should be taken, 
and in the latter the position is absolutely fixed owing 
to the effect that the strain has on the various mem- 
bers. This effect we will now proceed to consider. 
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63. We shall prove that if the arch is tied or hinged 

at the abutments — 2il/y will be zero. 

If it is hinged at one abutment 



and tied at the other— ^ 



and 






11 



1J 



3 



7) 



11 



} 




Fjo. 42. 



And if it h fixed at both abut- 
ments — 2il/y 

and 2J/ 

• 

Where 2My represents the sum of all the moments 
of the external forces . 

each multiplied by the 
ordinate of the curve at 
its point of application, 
and so for 2Mx and 2 ili, 
X and y being the co- 
ordinates of the curve 
referred to aa^j as horizontal axis, and a as origin. 

This may be easily explained by reference to Fig. 42, 
in which 

^My = cfii X Ci«i + C262 X ^2^2 + 

I,Mx = cj}^ X aa^ + C2&3 x aag + 

2il/ =Ci6i +C262 + 

We have taken the verticals cfii^ cj}^^ . . . instead 
of the normals to the curve, for it amounts to the same 
thing whether we take the thrust by the normal or the 
horizontal component by the vertical cb. 

The positign of the curve which will satisfy these 
equations may be found by trial with sufficient accuracy 
for all practical purposes. 

B4. To prove these re- 
lations we may proceed 
a^ follows. 

Take a short length 
c of the arch abg (Fig. 
43), and let b be the centre point of it; call' ag=^a^ 
and join ba. 




Fig. 43. 
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Now, if ba is rigidly connected with c, when the arch 
is strained and the direction of c altered by the strain, 
ba will move through an angle A^ to the position be ; 
AO being the circular measure of the angle abe. 

Now by drawing ae at right angles to ab, and ed 
at right angles to ag^ it will be seen that the effect 
of the strain is to cause a horizontal displacement of 
rtd, and a vertical displacement of ed. 

We have by similar triangles, the angles bag^ aed, 
being equal, 

cid y ^Ji cie . ^ 
— = Jr , or ad = -^.i/ = Au.y, 
ae ab ab^ ^' 

J ed X ^ ^j ae . /, 

and — = ^^ . or 6a = - --x = Au, x, 

ae ab ab 

Now, since the arch is tied at a and flr, the sum of 
all the horizontal displacements, caused by the altera- 
tion in direction of each length c, is zero. 

Hence we have SyA^ =0 . . . (1) 

Next let a and /3 be the angles denoting the change 
in the direction of the arch at the abutments. 

The arch at g^ moving through the angle fi, will 
cause a vertical displacement of a.fi at a, and since the 
total vertical displacement is zero, we have, 

I.XA0 + a./3 =0, 

and 2 {a — x) Ad + a.a = 0. 

If the arch is fixed at gr, )8 = 0, 

so I.XA0 =0 . . . (2) 

If it is fixed at a, a = 0, so 

^(a-x)AO =0. 

By addition we get 2a aO =0, 

or, since a is constant, 2 A0 =0 ... (3) 

Hence 
if the arch is hinged at a and (/ Sj/ a ^ = 0, 
if hinged at a, and fixed at jr, Sj/ A ^ = 0, and 2a? A ^ = 0, 
and if fixed at a and g, 2^/ A^ = 0, and 2 A^ = 0. 

We have now to find A ^. 
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In Fig. 44 let NN be the neutral line of the arch 
ABCD, NN being equal to c, and let 
be the centre of curvature before strain, 
and 0' after strain; call AN = NB = A, 
and the circular measures of the angles 
COA,C'0'A, ^ and e\ 

When strained the rib will assume 
the position ABCD', and NN that of 
NN', NN' being equal to NN and c. 

Let f be the strain on the fibre AC, 
and A its sectional area. 

Then the strain per unit on it will 

f ' .1 

be 4' and since a strain of ^ (see end 

of section 29) would double the length 
of a bar under strain, if the law of 
elasticity held good to this extent, we have 

fE_ {c-¥ffh)'-{c + eh) _j^ ff-o 
A c + ffh c + Oh* 

, ,ff-0A 

*^^ 4' calling ON=r, and 6'-^= A^. 




Fig. 44. 



or 



e{r + h)E 

The moment of this strain about NN will be 
h^A0 A 



~ e{r + h) E 
Hence M = 2/% 

AO 1 
e{r + h)E 

Ad I 



_ V 



¥a0 a 



e{r + h)E 

^Ah^, for A0y0 {r + h) and E are 
constant, 



0{r + h) E' 
_A0I when, as is generally the case, Ti is 



0r,E 



small compared with r, 
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or 



A0 I . a 

= ^. sinc3 c= vr^ 

C £j 

A0 =^-^.E. 



(4) 



Substituting for A^ in (1) (2) and (3) we have, since 
^ -B is constant — for if the cross section is not uniform 

throughout, c may be so taken that - is constant — 

2j^ iV = (6) 

^xM = (6) 

2M = (7) 

Iff be the strain per unit of area on the most distant 
fibre from NN, or h\ from it, then 

' 0{r + hiE c E' 

when A' is small compared with r. 
Combining this with (4) we have 

M = ^j^,I. (8) 

B5. To find the horizontal thrust caused by a rise of 
temperature and the conse- 
quent moments on the arched 
i*ib. 



If the half arch ab (Fig. 
4B) is free, a rise of temper- 
ature, by ex tending it equally 
all round, will cause it to 
assume the position a'6', and 
the horizontal displacement 



at a will be equal to (o^*^)! 



I 




being the whole span, t the 

rise of temperature in degrees, and e the extension 

per unit of length for each degree. 
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Let H be a horizontal force acting on the arch and 
producing a horizontal displacement of ^ ejy that is 

to say, let H be the horizontal thrust caused by a rise 
of temperature in the arch when kept from spreading. 
It might perhaps at first sight be thought that the 
force H, as in Chap. I., sect. 3, would be 6 tons per 
square inch, i,e,, 6 tons multiplied by the sectional area 
of the rib. Further consideration, however, will make 
it clear that the arch will act as a long column, as in 
Chap. VI., and will oppose the pressure by its resist- 
ance to bending, and not by its direct resistance to 
crushing as if it was a short straight column. If the 
arch be hinged at a, H must act through a ; but if it 
be fixed, H will act through some point d, ad above a. 

The effect that the force H has at any point c, whose 
co-ordinates referred to a as origin are x and y^ is to 
produce a bending moment M on the arch equal to 
H.fcc, or if the arch be hinged, of H.y. 

Now since the bending moments produce a horizontal 
displacement of 

^y.^E (1) and (4) 

we have ^e.t = S"?/.^^.B, 

which, since M= HJcc, = -jE ^"y-Jec, 

or H = L.f-^- ^-, ... (9) 

or, if the arch be hini?ed, = ^^eJ^ , . . (10) 

' ^2 Ex ^a 9 

I'M 



2> 



6' 



The vertical displacement v is 2* x-j^Ej 
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or V =^E2''x.Tcc. 

Combining this with (9) v = ^^-t— .... (1 1) 



I 



S y.lcc 
rxy 



or with (10) = }.e.t-^ — .... (12) 

The maximum value of e.f, at any rate in this climate, 
may be taken as •0006, so that (9) becomes 

xy 

V = -i X -OOOo-^^. 

And for a span of 100 ft. and rise of 20 ft., 

1200 ^^r^r^ 1034 

V =^_x-0005x_g, 
= -68, 



Examples. 

1. A brick arch 42 ft. 6 in. span, 10 ft. rise, is 3 ft. thick 
at the abutments, and 2 ft. 3 ins. at the centre. The inclina- 
tion of the roadway over it is 1 in 20, and there is a foot of 
rodd material over the crown ; find the vertical and hori- 
zontal components of the reaction at each abutment per foot 
iu width. Ansiver^ Vertical, 7 tons and 8 tons. 

Horizontal, 6 tons. 

2. Find the reactions in the last case if the inclination on 
the higher side is 1 in 20 and on the lower 1 in 7. 

Anstver^ Vertical, 6 tons and 8 tons. 
Horizontal, b\ tons. 

3. In Example 1 find the -maximum strain per square inch 
on the brickwork. Ansicer^ 83 pounds. 

4. Will these arches stand ? and, if not, why not? 
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5. One ton weights are suspended by a chain at horizontal 
distances of 10 ft. between each and between the last and 
the abutments, which are 100 ft. apart. If the deflection is 
10 ft. at 40 ft. from one abutment, how much will it be at 
10 ft., 30 ft., and 50 ft. ? 

Answer, 3 ft. 9 ins., 8 ft. 9 ins., and 10 ft. 5 ins. 

6. Find the strain at the centre and at the abutments in 
Example 5, and also the horizontal and vertical reactions 
given by them. Answer^ 12*012, 12*816, 12 and 4| tons. 

7. A segmental arch, 50 ft. span and 10 ft. rise, is loaded 
at the centre ; how far above the crown will the line of 
resistance be at the centre (a) when the arch is hinged, and 
(&) when it is fixed at the abutments. 

Answer J (a) 3 ft., (b) 2 ft. at centre, 1 ft. 8 ins. at abutments. 

8. Give the result in the last case when the arch is hinged 
if the load is equally distributed on the horizontal line. 

Anstver, 3 ins. 

9. How much would a rise of temperature of 45° C. move 
an arch, of 100 ft. span and 10 ft. rise, upwards at the centre ? 

Answer J I'll ins. 

10. An arch of 100 ft. span and 20 ft. rise has weights 
placed on it at horizontal distances of 10 ft. Give the values 
of the different weights with reference to the central weight, 
in order that the line of resistance may agree with the curve. 
Give also the vertical and horizontal thrusts of the abutments. 

Anstcer, IF, 11 IF, 125 W, 1-7 W. 

Vertical thrust 5-55 IF, horizontal 7 IF. 

11. A footbridge is G ft. 10 ins. wide and 70 ft. span, and 
is supported by two wrought iron ribs each 7 ft. rise and 
1 ft. 9 ins. deep. The dead load being 12 tons, give the hori- 
zontal thrust, the vertical reaction of each abutment, and 
the maximum strain on the flanges in each of the following 
cases, neglecting the strains which arise from change of 
fonn and temperature : — _. , .- 

§•3 a " s's 



05 >a 



9 1 "*2 S H^ 



If f of the span is covered by the rolling load 12 3 J 6 J 15 
If A » » j» 17 5i- 8i- 16 

If the whole » » v 22 9 9 12 
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12. In the last example how much will the crown rise and 
fall with the variations of temperature ? 

AnstceVj '82 in. 

13. rind the additional strain that this will throw on to 
the arch at the crown, supposing the ribs to have been fixed 
at the maximum temperature. 

Ansicevj 5*2 on one flange and 4*0 on the other, 
i.e., about 1 ton per square inch. 

14. Assuming the mean compressive strain on the metal of 
the rib to be 5 tons per square inch, what additional strain 
will be thrown on it owing to its change of form ? 

Ansioer, The strain has just the same effect as the tem- 
perature, /.^., one ton per square inch, for 5 tons produce an 
extension of '0005. 

15. An iron ring 5 in. internal and 7 in. external diameter 
and 1 in. square in section, connects two chains ; find the 
tensile strain that may be put on these if the metal may 
not be strained to over 5 tons per square inch. 

AnsiveVj 1 ton. 

16. A segmental arch of brickwork 25 ft. span 7 ft. rise and 
1 ft. 10^- ins. thick, is covered with ballast, the top of which is 
horizontal and 3 ft* above the soffit at the centre ; if the 
width of the arch is 13 ft. 4 ins. and the rolling load 2 tons 
per lineal foot, find the horizontal thrust, the maximum dis- 
tance between the line of thrust and the curve of the arch, 
and the maximum pressure on the brickwork, (a) when the 
arch is all loaded and (b) when the load is half on, both by 
the graphic method and by the method of moments in each 
case. 

Anstver. Thrust per foot in width (a) 73 cwt. (b) 58 cwt. 
Divergence (a) 1^ ins. (b) 7^ ins. 

Pressure per square inch (a) 56 lbs. (b) 58 lbs. 



CHAPTER VL 

COMPRESSIVE STRAINS. 

B6. A colamn or strut under pressure may fail in 
three ways : firstly, by the metal being absolutely 
crushed ; secondly, by the column bending and break- 
ing near the centre of its length ; and thirdly, by the 
plates composing it wrinkling, owing to their breadth 
being out of proportion to their thickness. 

Failure by Crushing. 

B7. If the length is not many times more than the 
moment of resistance of the cross section of the column 
the failure will be simply by crushing, and the strength 
will depend only on the actual sectional area, with the 
exception that the resistance of thin metal per square 
inch is greater than that of thick. 

With cast iron the failure is due to the 
upper part sliding, as it were, off the lower 
at an angle as in the wood-cut. The absolute 
resistance is variable, but may be taken at 42 
tons per square inch, or 6 times the tensile 
resistance, and the safe resistance as 7 tons per square 
inch. 

With wrought iron the metal will bulge or thicken 
out at the point of fracture, in such a way that it is 
difficult to state at what point actual failure takes 
place. For practical purposes, however, all materials 
may be considered to fail when their limit of elasticity 

7U 
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is exceeded. Now with wrought iron a pressure of each 
ton per square inch will produce a depression of •0001 
times the length until the strain is 10 or 12 tons, when 
the depression becomes more and more for each ton, and 
a permanent set is produced. In these pages 10 tons 
per square inch is taken as the limit of elasticity and 
B tons as the safe resistance, the actual weight under 
which complete failure ensues being from 16 to 20 tons. 

With timber failure sometimes takes place by the 
fibres crushing into each other and sometimes by their 
splitting apart; in the latter case, although it may be 
due to absolute crushing, the length has some influence 
on the resistance, for each fibre may be considered to 
be a column failing by cross breaking, assisted how- 
ever by its adhesion to the adjacent fibres. 

The absolute resistance varies from 2 to 3 tons per 
square inch, and the limit of elasticity may be taken 
as about half this, and the safe resistance as 10 cwt. 
It is necessary, however, that the strains should act in 
the direction of the length, for if applied crossways the 
resistance is very much less ; in- 
deed the author has seen a weight 
of a ton, applied as in Fig. 46, 
shear off the fibres, although the 
length was 2 ft. and the width 
under pressure 6 ins., which in- 
dicates a resistance of only IB 
pounds per square inch. 

With stone and brick the failure Fio. 46. 

is due to the weight first cracking 
the material, and then crushing it into powder. The 
resistances and safe loads for various substances are 
given in section 4, Chapter I. 

Failure by Bending or Cross Breaking. 

B8. To find the weight which will cause a column to 
bend or break across. 
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Let the weight TFrest on a column half of which 
BB^ is shown 
in Fig. 47, and 
assume that it 
has deflected 
it to the ex- 
tent shown, 
and let D^I)2 
... Z?^ be the 
deflections at Fio. 47. 

From 6^1 let fall the perpendicular (7„_i K on B^ X 

cutting B^i B^ in H. 

At the section CiB^y we have TF.J5, = s^.M^ 

8i being the strain induced, and M the Moment of 

Resistance of the section. 




So at CoB, 



2^2j 



we have W.D^ = ^^.il/. 



and at C^B 



'hj 



?> 



TF.A* = M/. 



Now that portion which sustains a tensile strain ot 
,\ will be lengthened to a+^^E.a, a being the length 
of the short part under consideration. 

We will consider the portion C^iB^^,C^B^ in which 
the strain is «„, the bottom B^^ B^ being consequently 
lengthened from a to a + s^ £.a, and the top shortened 
tort — «„£.a. 

The strain, if we consider BJJ^ fixed, will cause 
C^iAi-i CJin to revolve about the point until C^^C^ 
becomes a — HjS,a and JB^i B^ becomes a-\-8jE,a^ and 
then 7i^_i B^ will make an angle J5„_j B^ X with B^ X, 
and this we will call 6^„. 

Then since the angle B^^ HC^^^KHB^, and the 
angles C^Ji^^H^ HKB^ are right angles the angle 
J5„_i C^iH= HB^K = ^„. 
And so, calling the depth 2A, we have 
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tan e,, = tan B^,a^,H= — ^^- = ^^ , 



and also 


u 




• 
• • 


dn 


- h ' 


so 


d^i 


h 

m 




• 

7 


s, Ea'' 1 




di 


h * 


Hence 


D. 


-dn + d^i + - • 



Now = tan ^„ = —j^i 

Ea^ 

3/ 3/ Ea^ 

In the same way 

C. _Ea^ W} 

(, Ea^Wy 
Hence D, = -^ »„ ^ « + (« _ 1) ^1 _ -^-^ I 
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Now in the expansions of ( 1 - ,, --g j if n is very large 

a will be very small, and so everything above the 
second power of a may be neglected, and we have 

I>« =^-««U« + (w-l) + («-2) + . . . + 1] 

-^-],7[(»-l).l + («-2).2 + ... + l.(n-l)]J' 
= :^''%.^[» + (»-l) + («-2) + . . . + 1] 

~ h"Tl^O- + ^ + - • '•^n-l)n 
-(P + 22 + ... , + n^l')]}> 

= rM~2~ 

JEaj TT r «(«-l)»t _ (w-l)n(2n-l) ~| ) 

~ A J/L 2 6 J5 

Now since n is large « + l and n-1 may be put=w, 
and we get 



s)^ CI .ECwa)* TFl) 
"(2 "A.« J/ 6) 



~ h 

For M«, 2 may be put, I being the length of the column 

E(naf Wl /ly 

°^*^ hn 'M'6 ^^^^^^ ^ (2/ ^^j ^^^ °^*y ^ neglected 

h.n.M.G 
since « is very large. 
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Thus it appears that we might have neglected the 
second powers of a in the first instance, but this was 
not then quite clear. 



We have therefore 



<} I 



Now 



I>» = 



W =.»^ 



««2 






D. 



= « 



n 
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Elh~ El* ~Elr' 



.'. the strain per square inch 



J7 
area 
8 



area 

'eF 



8r 



El*' 



E 



A^ 



Q 



that is to say, the resistance to bending depends only 
on E, and has no reference to the direct resistance to 
crushing. 

B9. To find the resistance of any column it is neces- 
sary first to find the radius of gyration, or r, 

we have r^ = — j-- i • 

sectional area 

For a rectangular cross 
section 

I = 26.aa;2, 

2 

43 12' 



!i- J J 




_. Axa,^ 



Fig. 48. 



G 
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Hence r^ = 



sectional area bcl 12' 



and 






r =dv/-0833, 
= d -288, 

r ~d^288 ~ 5 



i'^or a square placed diagonally 

I == 2 X -lO^flO X l-36« + -30 X l-26« + -60 x 1-16« 

+ •70xl06«+ -90 X -962 
+ l-10x -SB* + 1-30 X -TS* 
+ l-50x -eB* + 1-70 X -BB* 
+ l-90x ^Bs + 2-10 X -368 
+ 2-30x •2B« + 2-B0x-lB» 



+ 2-70 X 



= 08d*. 



08d* 



Hence r* = = „ 

area a" 



and r = •283(i, - 



r •^3d-'^°'^d 



Hence the diagonal resistance 
is nearly the same as the square. 




Fio. 9. 
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For a solid circular section 



and 



or 



I =2x-10^ 
2 


•60x-9B» + l-0Bx-8B2 + ] 


+ 1-62 X -Bo' + 1-66 X m^ 


+ 1-80 X •4B« + 1-88 X -as* 


+ 1-96 X •2B» + 2-00 X -IB* 


• 

+ 2-00 X -OB* 

4 


!©■ 


-■^2^'3-96-05d*, 


^8 / -md* 


area idV ' 


- 20 d2 

31416 ' 


r --25^, 


Z _ I 
r 2M 


-4 





^or fl thin hollow cylinder 

I = 4 X •1122d'<. { -BO* + -47- + •43» + -SB* + -282 + -17* 

' +-06«}d'*, 



and 



■i 



= •4488(i'»< X -8963 = '40d'% 

I '40d'H 

" 31416d'<' 



area 
•40 



:d'K 



~ 31416 
Hence 

»-=<iVl273 



= d&d'. 
= 4 




Fig. 50. 
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The diameter must be taken to the centre of the 
metal, hence it is evident that the thicker the metal 
the less will r be, and so the resistance per square inch 
will be less. 

Putting ^ = A, we have r = d'-36 = '9d'36 = -316^, 

or J) =t jj r =-8d'35 = -28rf. 

5 

60. It will be seen that no weight less than W will 
have any tendency to bend the column; and if it is 
deflected by a force applied at right angles to it, when 
the force is removed, the resistance being greater than 
the weight, the column will recover its position so long 
as the deflection is not carried too far. If however the 
deflection 2)„ is made so great that s^ becomes more 
than 10 or 12 tons, in the case of wrought iron, the 
value of E will become greater, and consequently the 
weight carried will be less. If, again, the load carried 
is greater than 10 or 12 tons per square inch, the value 
of E will also become greater, so that when the ratio 
of length to radius of gyration becomes so small that 
the column is on the point of failing by direct crushing, 
the resistance to bending will be less. 

In practice, however, by no accident should the 
strain ever exceed 10 tons, and the usual working load 
is B tons per square inch. 

61. A factor of safety of about Jth the absolute re- 
sistance of the metal is commonly taken, but this is 
really only J of the elastic resistance. 

Now in a long column, until the breaking weight is 
actually reached, except in the cases just referred to, 
there is, theoretically, no tendency to bend, and cer- 
tainly the elastic limit is not exceeded, hence so large 
a factor of safety is not required. Owing however to 
differences in the different parts of the same metal in 
the value of E^ and also to the possible divergence of 
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the line of pressure from the neutral line, some margin 
must be allowed, and it is perhaps as well to take a 
factor of J, or to put it that the weight per square inch 

that may safely be put on a column is — 7;.—., and that 



<)" 



this in the case of cast iron should not be more than 
7 tons, of steel 6^ tons, and of wrought iron 6 tons, for 
short columns will fail by crushing. A deduction for 
rivet holes must be made in calculating the sectional 
area. 

With cast iron we have i?= -00018, steel E= -00008, 
and wrought iron JS=-0001. Hence, the maximum 
strain that should be put on the metal — 



I 



Cast Iron. 



when - = 100, is 1-66 tons 
r ' 



Steel. 

3-76 tons 



Wrought Iron. 

300 tons 



7? 



200 

300 
400 



77 
77 
77 



0-41 
0-18 
010 



77 
77 
77 



0-94 
0-42 
0-23 






0-75 
0-33 
019 



77 
77 
77 




c::^ 



If a column is fixed at the ends^ the strength is three 
times that of the unfixed column^ and if fixed at one end 
and free at the other ^ the strength 
is twicethat of the unfixed column^ 
the strains acting as in a con- 
tinuous girder (Fig. 61). In the 
first case the length between 
the points of inflection is a little _, 

more than half the length, and 
in the second a little more than two-thirds, for 




1 : 2 






I 
1 

I 

V 



I 

' -oO 
J 



■•33 

. I 
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With timber, the value of E may be taken as '001, 
and a factor of safety of 6 should be allowed. Thus 
the safe load in tons per square inch is 

4 1333 

which must not be more than 10 cwt. 

The Wrinkling Strain. 

62. When the width of a plate is considerable com- 
pared with its thickness, failure may take place by the 
metal wrinkling or corrugating between the supports. 
By means of a number of experiments on square tubes 
in which the plates were from -J- to \ inch thick, and 
8 inches and 4 inches wide, and were supported at each 
side and the weight applied directly, and again by 
experiments on tubular girders, in which they were 
from A to f inch thick, and from 2 to 24 inchea wide, 
the following empirical formula has been established — 

s =70/v/^, 

in which 8 is the resistance in tons per square inch of 
the metal to wrinkling, and t and 6 the thickness and 
breadth of the plate when supported at each edge. 
It might perhaps be equally well expressed, 



8 = aJ bfmL 



V 

or taking 4*1 as the factor of safety, 

8 = Vsool 

b 
When a plate is supported at one edge only, its re- 
sistance must be considered to be not more than J of 
that supported at both edges, and thus we have 



8 = 



= Vi< 
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1. Give 

break the 

ends. 

Length, 

ft. ins. 

2 6 

2 6 

B 

7 6 

5 

10 



Examples. 
the weights in tons per square inch which would 
following wrought iron columns, when fixed at the 



7 
5 



Thickness, 
ins. 

i 

2 
1 






n 



Answer. 
tons. 

12-2 

5-4 

5-4 

5-4 

31 

3-1 

24 

1-4 

1-4 



6 

10 

2. Also of the following, when not fixed at the ends. 
Length. 



Experiment (Box, 141). 
tons. 

12*4 for '76 thickness. 
75 

7-7, 8-0, and 7*9 
89 

5*8 for '77 thickness. 
4-5 

4*4, 4*4 and 41 
2-5 
1-9 



Thickness. 



ms. 

10| 
12 
15 
18 



m. 


tons. 


1 
. . . . J . . 


. . 7-3 . . 


n 


. . 3-7 . . 


. . . n . , 


. . 2-8 . . 


. . n 


. . 1-8 . . 


n 


. . 1-3 . . 



Answer, Experiment (Author). 

tons. 
. . 7-5 
. . 6-4 
. . 40 
. . 3-5 
. . 21 



3. Give the breaking weights of the following 1 inch 
diameter wrought iron cylindrical columns when fixed at 
both ends, one end, and neither end, in tons per square inch. 

Fixed at both ends. Fixed at one end. 



Length. 


Answer. 


Mxp. (Box, 124). 


Answer. 


Experiment. 


ft. ins. 


tons. 


tons. 


tons. 


tons. 


1 3 


160 


16-3 and 153 


160 


13-8 and 15*8 


2 6 


160 


12-8 and 14*0 


111 


11-8, 12-5 and 10-8 


5 


4-2 


7-1 


2-8 


4-4 


7 6 


1-8 


2-9 


1-2 


1-8 






Bounded at both ends. 






' Length. 


Answer, 


Exper'] 


ment. 




ft. ins. 


tons. 


tons 


>. 




1 3 


160 


13-4 and 132 




2 6 


6-5 


9-0, 8-4 and 82. 




5 


1-4 


2-2 and 21 




7 6 


0-6 


10 and 1-0 



4. Give the breaking weights per square inch of the 
following wrought iron tubes fixed at both ends. 
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Length. 


External 


Thickness. 


Answer. 


Experiment (Box. 139). 


ft. in. 


Diam. in ins. 


in. 


tonfj. 


tons. 


9 9 


4-05 


•15 


160 


11-7 and 123 


9 6 


3-00 


•15 


16-0 


12-4 


10 


2-50 


•10 


10-6 


13-3 


9 11 


2-35 


•25 


8-3 


9-6 and 99 


10 6 


2-00 


•10 


60 


10-3 


10 5 


1-50 


•10 


3 3 


6-5 



5. Give the breaking weight in tons per square inch of the 
following solid cylindrical pillars of cast iron, both with the 
ends flat and with them rounded. 





Ends fixed. 




Ends rounded. 




I 


Anhtcer. Exp, (Box, 


108). 


Answer, 


Experiment. 


d 


diam. in ins. 




diam. in ins. 




} or |. 1. 


li or 2. 




J or J. 


1. lior2. 


10 


42-0 30-3 




27-7 


21-7 


— — 


15 


37-0 25-6 22-9 


— 


12-3 


12-0 


11-3 


20 


21-0 


— 


70 




. 8-0 


30 


9-2 15-4 11^4 




31 


4-3 


3-5 3-6 


40 


5-2 


6-7 


1-7 




2-7 


60 


2-3 3-7 3-5 




0-8 


1-2 


M 


120 


0-6 11 




0-2 


0-3 





6. Give the breaking weights in tons per square inch of 
the following hollow cast iron cylinders, as before. 

Length. Ext. Thickness. Fixed at ends. Endsrounded. 

Answer. Exp. (Box, 108). Answer. Exp. 

420 



ft. 



1 

2 
2 
4 
7 



m. 

9 

3 



6 

9 

6 



7? 
1) 



Diam. 
Inches. 

1-11 

1-16 
1-25 
1-75 

11 
2O0 
225 

11 

2-50 
2-75 
300 
3-35 



Inches. 
•11 



11 

•20 
•25 

11 

11 

•30 
•35 
•25 
•30 

11 

•25 
•35 



11 
23-7 
16-5 

41 
5-4 
6-7 



431 
320 
230 
191 

11 

6-0 
7-9 
8-9 



3-4 
1-4 
1-8 

2^4 
2^9 
3-7 
4-6 
5'5 



4-6 
1-9 
2-3 

3-8 
4-3 
5-4 
5-2 
6^6 
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7. Give the breaking weight in tons per square inch of the 

following rectangular pieces of wood rounded at both ends. 

Katio of Length Answer » __ Experiment (Author), 

to Xhickness. 

8 
16 

18 
24 



Pitch Pine. 

\ in. i in. 1 in. 

&iin. &}in. &]&ia. 

300 — 2-9 — 
250 — 1-6 



2-00 — — 



32 
50' 



110 

0-64 
0-46 
0-26 



0-55 
0-28 



/1-5 
t 1-3 
0-7 
0-6 
0-3 



20 — 
20 — 

1-7) 

1-5 i 

— 0-50 



Bed Deal. 

\ in. \ in. 1 in. 

& f in. & I in. & Uin. 

— 2-5 — 
1-8 
3 
4 



ii: 



1-3 1-3 



8. Find the radius of gyration 
of the strut shown in Eig. 52. 

Anstvery 3*7 ins. and 3 ins. 

9. Give the breaking weight 
of the strut in example 8, if 

the ends are rounded, when - is 



0-7 
— 0-6 
0-24 0-3 

\ ^ /" 



0-2 



•3 



.'*• 



J^ 



\ 



^ „: )| 

Fig. 52. 

(a) 12-5 (b) 80 

17 11-8 14 9-8 

18 140* 16 11-9 
19 12-4* 



(a) 80, and (b) 100. 

Answer^ 

Exp. (Min. Inst. C.E. 64-201) 

10. Find the breaking weight 
of a wrought iron tube 8 J- in. 
external diameter and f in. thick, 
having four 1-in. flanges project- 
ing 1^ ins. outside; 27 ft. long. 

Anstcer^ 6*8 tons. 
Exp, J 9-7 » 

11. Give the breaking weight 
of the column shown in Fig. 53, if 
it is 25 ft. long, and the ends are rounded. ^^^' ^^' 




* Ends flat. 
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AnstccVy 8*0 tons. 

Exp. 1 1 (Min. Inst. C.E. 54-202) 11-4 » 

22 » 11 . 11 13-4 11 

23 11 11 11 14-7 If 

12. An octagonal column 12 in. diameter and 27 ft. long 
is formed of \ in. iron with four external joints each 1| in. 
deep. Find the breaking weight in tons per square inch, the 
ends being hinged. Ansicer^ 13'8. 

Jicp. (Min. Inst. C.E. 54-203), 9-8.* 

13. In what direction is a strut of 4- section most likely 
to fail ? 

14. What weight per square inch will break a cast iron 
strut of this section 3 ins. x 3 ins. x | in., 7 ft. 6 ins. long 
and rounded at the ends. Ansicer^ 2*25 tons. 

Exp. {Box ^ 118)3-00 „ 

15. What weight per square in. will break a 3 in. x 2\ in. 
X -35 in. cast HI. 7 ft. 6 ins. long and free at the ends ? 

AiiHicer^ 3*25 tons. 

Exp. (Box, 120) 500 „ 

16. rind the breaking weights of the following wrought 

iron struts, each of which is 5 ft. long and rounded at the 

ends, in tons per square inch. 
Inches. 

3 X 2 J X I + I . Ans.^ 5*5 Exp. (Box, 143) 90 A 8*2 

3 X 3 X 1^ T 1. 11 9-0 11 n 13-6 & 9*1 (sideways) 

3x3xtVLI. 11 7-4 it 11 8-8 & 5-8 

3 X 1| X A C I. n 5-5 11 11 80 & 6-5 

17. Give the results when the L I. in the last question is 

4 ft. and when it is 3 ft. long. Anstcery 11*7 and 16-0. 

Exp., 11-1 and 12*9. 

18. Give the maximum value that may be given to - in 

8 * 

order that taking - as a factor of safety for cast iron, steel 

and wrought iron, and 6 for timber, a pressure of 7 tons, 6J 
tons, 5 tons, and 10 cwt. may be put on a column of cast 

* There were 12 other experiments on similar columns with 
flat ends, and these confirm the result. Exp. 33 (Min. Inst. C.E. 
54-212) also bears on the results in the last five examples. 
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iron, steel, wrought iron, and wood respectively, both when 
the ends are rounded and when they are fixed. 

Cast iron. Steel. Wrought Timber. 

iron. 

Ansicer^ Ends Rounded, 49 76 . 78 52 

» Fixed, 86 131 135 90 

19. What weight may be safely placed on a timber strut 
8 ft. 8 ins. long and 4 ins. square, if the eiids are (a) fixed and 
(6) not fixed ? Ansicer^ (a) Tl tons ; (&) 2*5 tons. 

20. Give the weights if the strut is 8 ins. wide, 4 ins. 
thick, and the same length as before. 

Ansicer^ (a) 15*4 tons ; (b) 5*1 tons. 

21. To what length may a 6 in. x G in. strut be carried 
without reducing its strength to less than the maximum of 
10 cwt. per square inch ? Ansicerj 7 ft. 5 ins. 

22. A weight of 11 tons is to be carried by a square prop 
6 ft. 6 ins. long ; give its proper size. 

Ansicer^ 5 ins. x 6 ins. 

23. Each pier of a double line bridge consists of six 10 in. 
X 10 in. piles, the spans being 20 feet. Find the greatest 

length that should be given to the piles without bracing. 

Ansicer, 17 ft. 8 ins. 

24. A screw pile is 4 inches in diameter, and of wrought 
iron. At what distances should it be braced in order that it 
may sustain a load of (a) 6 tons, and (6) 2 J tons per square 
inch, the ends being assumed to be fixed ? 

Ansicerj (a) 11 ft. 3 ins. ; (&) 15 ft. 11 ins. 

25. Find the resistance in tons per square inch which the 
following square tubes offer, the dimensions being internal. 

Inches. Answer. Exp, (Box, 150). 

8x i thick. 12-3 115, 12*0, and 13*4 

8x ^ » 8-8 9-1 

Sx^ V 6-2 5-9, 5-9, 6*8, 7-2, and Tl 

4 X -J- „ 12-3 9-6, 10-4, and 13*6 

4xtV " 10-1 11-2, 10-5, and 132 

4 X tV » 8-8 8-8, 10-3, 10*4, 10-7, 9*9, 9*8, 11*6 and 86 

4x^V " 6-2 4-9, 5-1, and 55 

26. Find the pressure which would wrinkle the following 
plates when supported at each side. 
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Breadth. Thickness, 
ins. 

22» 

22 i 



15 

15 

15 

16 
3| 
3f 

n 



IDS. 

3 
"4 
1. 
2 

1 
2 
i 

4 
1 
H 
I 

V 

1 

_i 

16 

I 

32" 



Answer, 

12-8 
10-5 
15-6 
12-8 

90 

6-4 
12-8 

90 
12-8 

90 



Exp, (Box, 229). 

131 and 17| 
16 and 15^ 
16 and 15 
18, 18, and 15 

21^ 

15 

23 



27. Give the resistance to wrinkling of the following square 

tubes in tons per square inch, the dimensions being internal. 

Square 
Inches. 

1x1 -03 thick 12-1 

140 

8-5 

9-9 

28. Give the resistance to wrinkling of the 
C.I* in tons per square inch : 



1x1 
2x2 
2x2 



Inches. 
•03 thick 
•04 
•03 
•04 



7> 



7? 



Experiment (Author). 
Answer, Square. 

14-3 
111 

6-7* 

7-0* 



Experiment. 
Bound. 

1 in. diam. 24*5 

210 



2 in. 



n 






10-7 
12-5 
following 



Inches. 
1x3 x-08 
1x3 X 
1x3 X 
lx2ix 
1x2 
1x2 
1x2 



X 
X 
X 

Ixljx 

1 X 1^ X 

lxl|x 
Ix Ix 



04 
03 
03 
08 
04 
03 
"08 
04 
03 
12 



Answer, 

G'6 

4-6 

4-0 

4-4 

81 

5-7 

5-0 

9-3 

G'G 

5-7 
140 



Experiment (Author). 
Load at Web.f 
10-6 

5-8 

50 

5-5 and 20t 
12-8 and 5-1 J 

7-5 

7-7 
18-2 

7-8 
120 
13-5t 



* In these cases only two of the sides gave way. Hence if the load had 
been properly centred the resistance would probably have been greater. 

t In these experiments the 1 inch web which was supported at each 
end carried more than its proper proportion of the load. However, ia 
the case of flanged girders, this is what occurs in practice, the strain 
being transmitted to the flange at its centre. 

:|: In these cases the load was applied at the centre of gravity. 
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29. Three warehouse floors are supported by cast iron 
columns, placed 20 feet apart, 15 feet long. If the columns 
are hollow and considered to be free at both ends, give their 
external diameter and thickness. Diameter. Thickness. 

Anstver, 13 ins. | in. 
If fixed at both ends and 

of wrought iron plate. ... 12 „ 1 j „ 

30. Give the greatest widths which may be given to the 
following plates in order that they may not fail by wrinkling, 
the resistance to crushing being taken as 16 tons per square 

^^^^- Jin. fin. Jin. gin. Jin. 

Ansiver.b 7| 10 12| 15 

31. In the top flange of a girder what is the greatest pitch 
which should be given to therivets,when the plates are(a)|- in. 
and (b) | in. thick ? Answer, (a) 9^ ins., (6) 19 ins. 

32. Find the radius of gyration of the following angle 
irons : — 

Ixlxi:lixlixi:3x3xi:3x3x|: 4x3xi. 
Ans,, -20 in. "-28 in. -60 in. -56 in. .-66 in. 

33. Also of the following T. irons : — 

Hxl^XyV : 2x2xi : 2|x2|xA : 3x3x1 : 4x4x|. 
Ans., -32 in. '42 in. "-55 in. '62 in. -84 in. 

34. Find the breaking weights of the following round or 
hinged ended L.I. and T.L struts :— Answer. Ka-p. 

(Christie).* 
3 x3 X f in. LI. 8 ft. .4 ins. long. 2-7 tons. 6-0 tons. 

2 x2 x^'^g n » 8 J7 3 » » 1*3 » •! Q.Q. 

1 X 1 X i » » 5 » 3 ») » 0*8 ?j •! 2-5 

3 x3 X I » T.I. 8 » 4 » » 3-0 u 60 
l|xl|xyV " » 8 » 3 »» » 0-8 11 2-i 
1 xl XfV n » 5 » 3 » 11 0-9 11 2-1 

f 6-0 
\ 7-0 
lixlix^'^ 11 11 5 11 3 11 11 20 11 3-5 



3 x3 X i » 11 G 11 10 11 11 4-6 



11 



11 
11 
11 
11 
11 
11 
11 
11 



* American Society of Civil Engineers^ vol. xiii. p. 85. 
t When properly centred. 
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35. Also of the following fixed-end Angle irons : — 

Answer, Exp, 

(ChriBtie).* 

4 x4 X A in. LI. 14 ft. 6 ins. long. 6-1 tons. | ^.q^^,^^" 
2-J X 2^ X A „ „ 14 „ 6 n » 2-0 » I 11 " 
2 x2 x^V " " 4 » 6 » » 13-2 » 10-0 » 

36. Also of the following flat-ended Tee irons : — 

Amwer. Exp. 
(Christie). 
2|x2|x I in. T.I. 6 ft. ins. long. G-6 tons. 12-6 tons. 

6 )j 6 » » 



2 x2 x i » „ 

1 X 1 X y\ » 

1 X 1 X ^^^ J? 



7) 



8 » » » 
G J? 6 » » 
8 » » J? 



6-7 
/ 4-0 
( 2-8 

1-2 

04 » } Q.C) 



2-3 » 
09 }) 
0-6 » 



37. Also of the following flat-ended Angle irons : — 

Answer, Exp, 

(Christie). 
3|x3|x -J- in. iron 10ft. Gins. long. 2*3 tons. 7*2 tons. 

2 x2 x^*^ » » 3 » G » J) 7-3 n -[Jg-ij " 

1 X 1 X i jj >j 5 » 7? » 0-9 M 3-1 

3 x3 XtV " steel, 14 ?? 1 n ?» 1*3 »? 40t 
3 x3 XyV " " 7 » » » 51 » 11-3 
2i X 2J X i 7, » 3 » 6 » M 14-3 » 15*2 

38. What weight in tons per sq. in. may safely be placed 
on 3 in. X 3 in. X -J in. L.I. struts, 6 ft. long and 8 ft. long ? 

Ansicer^ 2*0 and 1*10. 

39. Also on 3 ins. x 3 ins. x | in. T.I. struts? 

Answer^ 2*2 and -1*25. 

40. Give the weight in tons that can safely be put on 
2^ in. x2^ in. x^ in. L.I. struts 6 ft. long and 8 ft. long 
respectively, when the ends are fixed. 

Answer^ 9*0 and 5'0. 

* American Society of Civil Engineers, vol. xiii. p. 85. 

' j> » »»  j> ' » P* ^^» 
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41. rind the breaking weight of a J in. x J in. x ^ in. L.I. 
strut, if the ends are rounded, when 12 ins., 18 ins. and 24 
ins. long, 

12 ins. 18 ins. 24 ins. 

Ansicer 185 0-82 0-46 

C 2*30 
Exp, (author), Flat ends . . A q.qk 

Same pieces straight- ( 2*35 
ened hot . . ( 2*15 
Ends rounded as with J j.g5 ^.95 ^.g^ 

r.br " ""i - 0-92 0-57 



1-70 


1-50 


1-60 


1-00 


1-60 


1-00 


1-30 


100 



^ 



NOTES ON THE EXAMPLES. 

CHAPTER IV, 

4. The extreme fibres are strained somewhat beyond the 
limit of elasticity. 

33. ilf=249 X 3-5 (Baker, G4). 

37. We may put «=20 for the flanges and 18 for the web. 

40. We may take the whole of the flange — viz., 4 ins. x 
i in. — as exposed to the tensile strain, and Jj^th of this area 
at the extreme end of the web as exposed to compression, 
and consider the remainder of the web as not strained at 
all. Thus we have 8 M=6^ (4 ins. x |- in.) -90 or = 39 (^ x -90). 

41. Here we should take the whole of the web as exposed 
to tension, and we have s3f=G| (1*10 x '25) (-55 + -25). 

It seems in 40 that the whole of the flange does not quite 
give out the full unit strain, but in this case it appears, from 
the excess of the experiment over the result, that the flange 
does give out some resistance to the tensile strain. 

44. The neutral axis is 10 ins. from the top and M= 6*9 x 
10-8. 

4G. The neutral axis is '85 from the top of the web 

so ilf= -104 [-507 + -288], = -09. 

47. 8 M=22 (-21 X -1) 

48. The neutral axis is 1*30 from the top of the web 

so 3/= -245 [-655 + -867], = -35. 

49. If the whole of the flange is exposed to tension, a 
depth of 1*33 in. of the web will be exposed to compression. 
Hence approximately 

8M=22 (2 ins. x i in.) [-125 + 1-085] = 22 x -G. 

50. We may take the bottom flange together with a certain 

90 
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depth X of the webs as e:itposed to the full strain of 7 tons 
per square inch. Thus we have 

and putting 2-3 for IT, we get a?=l'3. 

This gives a depth of about 2 ins. for which we have 
allowed no resistance, and from this we must infer that the 
portion of x nearest to the neutral axis does not give out 
the full strain of 7 tons; but we do not know the exact 
tensile resistance of the metal, so cannot establish a theory. 

51. Here we have as before 



xi,__7 f25 3 93^o3 /43 1 \\ 



whence a? =1*65. 

53. We have as in sec. 29:— tan =-^r- wid also = — . 

h na 

Hence <^„=?|?7ia,.-. JD=cZi +CZ2+ ... +cZ„=?^l + 2+ ... +n) 
III fi 

" ^ 2 JT a 

Nowan=2and-=5^-3^. Hencei)=^.j^S = j^^^, 

56. The web may be neglected. The difference between 
the result and the experiment is probably due to the tensile 
resistance of the metal being greater than 7 tons, owing to 
the smallness of the casting. 

57. The whole of one flange and the web may be put as 
resisting the tensile strain, and ^th their area at the extreme 
edge of the other flange as resisting the compressive strain, 
the rest of this flange being neglected. We have only taken 4 
of the 7 experiments, as in the other 3 the metal must have 
been of exceptional quality, and even in these it must have 
had a greater tensile resistance than 7 tons. 

66, From this point to the end the examples are all to be 
done by the formulsB at the end of the chapter. 

67. The deflection would be too great. A span of 4 ft. 
should not be exceeded. 

H 



98 STRUCTURAL MECHANICS, 

74. Two such timbers carried a heavy locomotive over this 
span. 

78. Load 2 cwt. per square foot. 

84. Take c=2 for the red wood. By direct experiment the 
value of E was found to be '00125 for the pitch-pine and 
•0025 for the red wood. The pressure applied was one ton 
per sq. in. which crushed the latter, but the former required 
two tons to crush it. The pieces tested were 50 ins. long 
and 10 ins. diam. 



CHAPTER v. 

3. The line of thrust is very nearly on the limit of the 
middle third at the centre of the span, and may be taken as 
being on it. 

4. In No. 2 the line of thrust passes outside the middle 
third. Two bridges were built of these dimensions, and the 
No. 2 failed when the centres were slackened, the crown of 
the arch rising. The weight was, however, taken off the 
high side, and the centres forced upwards again by jacks. 
Spandril arches were then built on the high side, and the 
arch has since stood safely. 

7 and 8. An exact agreement with the answer in these 
cases is hardly to be expected. 

2 xy 
9. It will be found that— ^ = 3-9. 

a 

11. In (a) the line of thrust diverges 1 ft. 1^ ins. from the 
curve of the arch, and in (6) 9 ins. 

12. Here we have =3*9. 



« 2 



\y 



2x4 



i\2 



•0005 ""''V 12 / 



13. We have H=35x.^x _^A^=1.15 

16. Let a&, cd be two diameters of the ring at right angles 
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to each other, and let the strain act in the line of db. 
First consider this as hinged at c and c?, and let M be 

P cd 

its moment of resistance. Then we have ^ -q = ^^' Again 

P cd 

consider it as hinged at a and 6, and we have -^ — =sM 

once more. Hence we may consider half P sustained by the 

girder cad^ and half by the cantilevers ac^ ad. Hence 

Pcd 

—.— =sM, In addition to the bending moments at c and d, 

4 2  

a direct tensile strain has to be sustained. 

16. This is a common railway bridge. The pressure in 

(a) can be found in the following way : — Let p be the 

minimum strain per square inch, and p' +p the maximum. 

Then the total pressure P=p (22^ x 12) +p' ^^^^ ^ , 

and P. 12i=p (22i x 12)lli +p' MiLl?l5. 

From the diagram of strains, P will be found to be about 
105 cwt. In (&), where the divergence is greatest, the pressure 
is 70 cwt. 

CHAPTER VI. 

2. These must have gained some support at the ends. 

10. We have .= 'V/^^^™= 3 (nearly), 

the f in. being taken off for the rivets. 

11. We have r=3 ins. one way, and a trifle more the 
other. 

12. We have r=4|^ nearly. 

13. For common sections, r is nearly the same in each 
case. 

14. Here r=-64. 

15. Here approximately ^2=2 ^ '^^^f ^^.^ and so r=H. 

•^ 2-64 2 

3 ins. is the width of the flanges. 

16. r=(a) -6, (b) -64 (sideways), (c) -58, (d) -50. ilf being 
taken as -2 x 1*2 only, for the cross strain is not central. 
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In the experiments there was some doubt as to the form 
of the ends. If they are considered as paftly fixed, the 
difference between the theory and experiment will be con- 
siderably reduced. 

23. Take 24 tons as the load per pile instead of 15 which 
would be the actual load. | 
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Davis, M.A. New Edition, with Yocabnlary. Fcap. Syo. 2s. 6d. 

Passages for Translation into Latin Prose. By Prof. H. Nettle- 
ship, M.A. 3s. Key (for Tutors only), 4s. 6d. 

' The introduction ought to be studied by every teacher of Latin.' 

Guardian. 

Latin Prose Lessons. By Prof. Chnrch, M.A. 9th Edition. 

Fcap. 8vo. 28. 6d. 

Analytical Latin Exercises. By C. P. Mason, B.A. 4th Edit. 

Part I., Is. 6d. Part II., 28. 6d. 
Latin Elegiac Verse, Easy Exercises in. By the Rev. J. Penrose. 

New Edition. 28. (Key 38. 6d.) 

A Latin Qrammar. By Albert Harkness. Post 8yo. 6«. 

By T. H. Key, M.A. 6th Thousand. Post 8vo. 8*. 

A Short Latin Oranunar for SohoolB. By T. H. Key, M.A. 

F.B.S. 16th Edition. PostSvo. Ss. 6d. 

The Theatre of the Greeks. By J. W. Donaldson, D.D. 10th 

Edition. Post 8vo. Ss. 

Keightley's Mythology of Greece and Italy. 4th Edition. 5«. 
A Ghilde to the Choice of Classical Books. By J. B. Mayor, M.A. 

8rd Edition, Grown 8vo. 4a. 6d. 
A History of Homan Literature. By Prof. Teuffel. Revised 
by Prof. Dr. Schwabe, and translated by Prof. Warr, of King's GoUeee. 
2 vols. [Immediately. 

By T. Collins, M.A., H. M. of the Latin School, Newport, Salop. 

Latin Ezeroises and Ghrammar Papers. 6th Edit. Fcap. Svo. 2s. 6(2. 
Unseen Papers in Latin Prose and Verse. With Examination 

Questions. 5th Edition. Fcap. Svo. 2s. 6d. 
' in Greek Prose and Verse. With Examination Questions. 

8rd Edition. Fcap. Svo. 3s. 

Easy Translations from Nepos, Csesar, Cicero, Livy, &c., for 

Betranslation into Latin. With Notes. 2s. 

By A. M. M. Stedman, M.A., Wadham College, Oxford. 
Latin Examination Papers in Grammar and Idiom. 2nd 

Edition. Grown Svo. 28.6d. Key (for Tutors and Private Students only), 6s. 

Greek Examination Papers in Grammar and Idiom. 2s, 6d. 

 Key. [In£7Mpr0M« 
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By the late Bby. P. Fbost, M.A. 
Materials for Latin Prose Composition. New edition. Fcap. 

Svo. 28. Key (for Tators only), 48. 

Materials for Greek Prose Oompositlon. New Bdit. Foap. 8yo. 

28. 6d. Key (for Tators only), 5s. 

Florilegium PoetlonzH. Elegiac Extracts from Ovid and Tibnllos. 
NewBdltion. WithKotee. Foap.8TO. 28. 

By H. A. HoLDEN, LL.D., formerly Fellow of Trinity GolLj Camb. 

FoUomm Silynla. Port I. Passages for Translation into Latin 

Elegiao and Heroic Verse. 11th Edition. PostSro. 78. 6d. 
-^— Port II. Select Passages for Translation into Latin Lyric 

and Oomio Iambic Verse. 8rd Edition. Post Svo. Ss. ^ 

FoUa Silvulss, sive EdogSB Poetarom Anglioorom in Latinnm et 

GnBonm oonyersss. 8to. Vol. II. 48. 6d. 
FoUomm Oentnriss. Select Passages for Translation into Latin 

and Greek Prose. 10th Edition. Poet Svo. 88. 
8oala Gneca : a Series of Elementary Greek Exercises. By Bev. J. W. 

Davis, M.A., and B. W. Baddeley. M.A. 3rd Edition. Eoap. Svo. 28. 6d. 
Greek Verse Composition. By G. Preston, M.A. 5th Edition. 

Crown Svo. 48. 6d. 

Greek Particles and their Combinations according to Attic Usage. 

A Short Treatise. Bt F. A. Paley, M.A., LL.D. 28. 6d. 
Rudiments of Attic Construction ana Idiom. By the Bey, 

W. 0. Gompton, M.A., Assistant Master at Uppingham School. Ss. 
Antholo^ Gneoa. A Selection of Choice Greek Poetry, with Notes. 

By F. St. John Thackeray. 4th and Cheaper Edition. 16mo. 48. 6d. 
Anthologia Latina. A Selection of Choice Latin Poetry, from 

NflBvins to BoMhinSj with Notes. By Bev. F. St. J. Thaokera]^ 5th Edition. 

16mo. 4r8.6d. 

CLASSICAL TABLeS. 

Latin Aooldenoe. By the Bev. P. Frost, M.A. Is. 

Latin Verslfioation. It, 

Notabilia Qussdam; or the Principal Tenses of mo.st of the 

Irr^n^dar Greek Verbs and Elementary Greek, Latin, and Frentdi Ckm- 

struotion. New Edition. Is. 

Rlohmond Rules for the Ovidian Distich, &c. By J. Tate, M.A. Is. 

The Principles of Latin Syntax. 1«. 

Greek Verbs. A Catalogue of Verbs, Lregolar and Defective. By 

J. S. Baird, T.O.D. 8th Edition. 2s. 6d. 

Greek Aooents (Notes on). By A. Barry, D.D. New Edition. 1«. 
Homeric Dialeot. Its Leading Forms and Peculiarities. By J. S* 

Baird, T.O.D. New Edition, by W. G. Bntherford, LL.D. Is. 

Greek Aooidenoe. By the Bev. P. Frost, M.A. New Edition. 1«. 



TRANSLATIONS, SELECTIONS, &o. 

*«* Many of the following hooks are well adapted for School Prises. 
Aeschylus. Translated into English Prose by F. A. Paley, M.A., 
LL.D. 2nd Edition. Svo. 7s. 6d, 

Translated into English Verse by Anna Swanwick. 4th 

Edition. Post Sro. 5s. 

Calpumlus, The Eclogues of. Latin Text and English Verse 
Translation by E. J. L. Scott, M.A. Ss. 6d. 
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Euripides. Translated by E. P. Coleridge, B.A. 2 vols., 6s. each. 
Horace. The Odes and Oarmen SsBonUtfe. In English Verse bj 
J. Ctonington, M.A. 10th edition. Fcap. Svo. 8s. 6d. 

 The Satires and Epistles. In English Verse by J. Coning- 
ton,M.A. 7th edition. 6t. 6<L 

Plato. Gorgias. Translated by E. M. Gope^M.A. 8vo. 2nd Ed. 7s. 
PhilebPB. Trans.byF. A. Paley,M.A.,LL.D. Sm.8vo. is. 

 TheaBtetns. Trans. byF.A.Paley,M.A.,LL.D. Sm.Svo. 4s. 
i— — Analysisandlndexof theDialognes. By Dr. Day. PostSvo.Ss. 
Frudentius, Selections from. Text, with Verse Translation, In- 
troduction, &c., by the Rev. F. S. J. Thackeray. Grown 8to. 7s. 6d. 

Sophocles. Oedipus Tyrannns. By Dr. Kennedy. Is. 

The Dramas of. Bendered into English Verse by Sir 

George Yonng, Bart., M.A Svo. 128. 6d. 

Theocrltui. In English Verse, by 0. S. Calverley, M.A. New 
Edition, reyised. Grown Svo. 7s. 6d. 

Tranilationi into English and Latin. By 0. 8. CalTerley, MJL 

Pout Svo. 7fl. 6d. 
Translations intoEnglish, Latin, and Greek. By B.C. Jebb, Litt.D., 
H. Jackson, Litt.D., and W. E. Gurrey, M.A. Second Edition. 8s. 

Extracts for Translation. By B. C. Jebb, Litt. D., H. Jackson, 

Litt.D., and W. E. Gurrey, M.A. 4fl. 6d. 

Between Whiles. Translations by Bev. B. H. Kennedy, DJ>. 

2nd Edition, revised. Grown 8yo. 5s. 

Sabrinae Corolla in Hortulis Regiae Scholae Salopiensis 

Gontexnerunt Tres Yiri FloribiiB Lcgendis. Fourth Edition, theroughly 
Revised and Rearranged. Large post 8vo. lOs. 6d. 



caivTIbridge mathematical series. 

Arithmetic for Schools. By C. Pendlebury, M.A. 4th Edition, 
Btereotyped, with or without answerB, 48. 6d. Or in two parts, with or 
without answers, 2$. 6d. each. Part 2 contains the Commercial Arithmetio, 

ExAMPLBfi (nearly 8000), without answers, in a separate voL Ss. 
In use at St. Paul's, Winchester, Wellington, Marlborough, Charterhouse, 
Merchant Taylors', Ghrist's Hospital, Sherborne, Shrewsbury, &c. kc 

Algebra. Choice and Chance. By W. A. Whitworth, M.A. 4th 

Edition. 6s. 
Euclid. Newly translated from the Greek Text, with Supple- 
mentary Propositions, Ghapters on Modem Geometry, and numerous 
Exercises. By Horace Deignton. M.A., Head Master of Harrison College, 
Barbados. New Edition, Eevised, with Symbols and Abbreviations. 
Grown 8vo. is. 6d. 

Book 1 Is. I Books I. to III. ... 28. 6d. 

Books I. and II. ... If. 6d. | Books III. and lY. Is. 6d. 

Euclid. Ezercises on Endld and in Modem Geometry. By 

J. McDowell, M.A. 8rd Edition. 6s. 
Trigonometry, Elements of. By J. M. Dyer, M.A., and Rev. 
B. H. YHiitoombe, M.A., AssistantMasters, Eton College. [^Immediately. 

Trigonometry. Plane. By Bev.T.Vyvyan,M.A. 3rd Edit. d«.6d. 
Q^ometrical Conic Sections. By H. G. Willis, M.A. 5s. 
Oonioa. The Elementary Geometry of. 6th Edition, revised and 
enlarged. By G. Taylor, D.D. 4a. 6d. 

Solid G^eometTy. By W. 8. Aldis, M.A. 4th Edit, revised. 6«. 
Geometrical Optics. By W. S. Aldis, M.A. 8rd Edition. 4«. 
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Rigid Djmamiofl. By W. S. Aldis, M.A. 4m. 

Elementary Dynamics. By W.Gamett,MJL,D.O.L. 5th Ed. 6«. 

Dynamlos. A Treatise on. By W. H. Besant, D.So., F.B.S. 7«. 6<l. 

Heat An Elementary Treatise. By W.Gamett,M.A., D.C.L. 5tb 

Bdition, rensed and enlarged. 48. 6d. 

Elementary Physios. Examples in. By W. Gallatly, M.A. 4s. 
Hydromeohanlos. By W. H. Besant, D.So., FJt.S. 5th Edition. 

Fftrt L Hydroetatios. 5s. 

ICathematioal Examples. By J. M. Dyer, MA., Eton College, 

and S. Prowde Smith, M.A., Cheltenham College, ik. 

Meohanics. Problems in Elementary. By W. Walton, M.A. 6«. 

Notes on Roulettes and Glissettes. By W. H. Besant, D.Sc., 
7.B.S., Fellow of St. John's College, Cambridge. 2nd Edition, enlarged. 
Crown 8to. 5«. 

CAMBRIDGE SCHOOL AND COLLEGE 

TEXT-BOOKS. 

A Seriei of Elementary Treatises for the use of Sttidents. 

Arlthmetlo. By Bey.O.Elsee,MJL Fcap. 8ya 14th Edit. 8<.6(2. 

 By A. Wrigley, M.A. 8#. M. 

^— A Progressiye Gonrse of Examples. With Answers. By 
J. Watson, M.A. 7th Edition, revised. By W. P. Gondie, B JL 28. 6d. 

Algebra. By the Bey. 0. Elsee, M.A. 8th Edit, it, 

Progressiye Coarse of Examples. By Bey. W. P. 

M'Miehael,M.A.,aBd B. Prowde Smith, M.A. 4fch Edition. 80. (ML With 
Answers. 48. 6d. 

Plane Astronomy, An Introduction to. By P. T. Main, M.A. 
6th Edition, revised. 48. 

Oonlo Seotions treated Geometrically. By W. H. Besant, ScD. 
8th Edition. 48. 6d. Solution to the Ezamples. 48. 

Enunciations and Figures Separately. Is. 6<i. 

Statlos, Elementary. By Bey. H. Goodwin, D.D. 2nd Edit. 8«. 
HydrofltatioB, Elementary. By W.H. Besant, D.So. 14th Edit. 4«. 
— — Solutions to the Examples. [Now ready, 

MenBaration,AnElementary Treatise on. By B.T.Moore, M. A. 8#.6(2. 

Newton's Prinolpla, The First Three Sections of, with an Appen- 
dix; and the Kinth and Eleventh Sections. By J. H. Evans, M.A. 5th 
Edition, by P. T. Main, M.A. 48. 

Analytical Geometry for Schools. ByT.G.Yyyyan. 5thEdit. 4<.6.i. 
Qfeek Testament, Companion to the. By A. 0. Barrett, M.A. 

5th Edition, revised. Foap. 8vo. 58. 

Book of Oommon Prayer, An Historical and Explanatory Treatise 
on the. By W. G. Humphry, B.D. eth Edition. Eoap. 8vo. 28. 6d. 

Mtudo, Text-book ol By Professor H. 0. Banister. 14th Edition, 

revised. 58. 
^— Ckmcise History ol By Bey. H. G. Bonayia Hunt, 

Mns. Doo. Dublin. Uth Edition, revised. 88. 6d. 

▲ 2 
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ARITHMETIC, (^«« oXso the two foregoing Series,) 

Elementary Arithmetlo. By Charles Pendlebury, M.A., Senior 
Mathematical Master, St. Paul's School; and W. S. Beard, F.B.G.S., 
Assistant Master, Christ's Hospital. With 2500 Examples, Written and 
Oral. Grown Svo. Is. 6ct. With or without Answers. 

Arithmetlo, Examination Papers in. Consisting of 140 papers, 
each oontaininff 7 questions. 357 more difficult problems follow. A col- 
lection of recent Public Examination Papers are appended. By 0. 
Pendlebury, M.A. 2s. 6d. Key, for Masters only, Ss. 

Oraduated Ezercises in Addition (Simple and Compound). By 
W. S. Beard, G. S. Department Rochester Mathematical School. Is. Ibr 
Candidates for Commercial Certificates and Civil Service Exams. 

BOOK-KEEPING. 

Book-keeping Papers, set at various Publio Examinations. 
Collected and Written by J. T. Medhurst, Lecturer on Book-keeping in 
the City of London College. 2nd Edition. Ss. 

GEOMETRY AND EUCLID. 

Enolld. Books I.-YI. and part of XL A New Translation. By 

H. Deighton. (Seep. 8.) 
The Definitions of, with Explanations and Exercises, 

and an Appendix of Exercises on the "Eint Book. By B. Webb, M.A« 

Crown Svo. Is. 6d. 

Book I. With Notes and Exercises for the use of Pre- 



paratory Schools, to. By Braithwaite Amett, M.A. Svo. is. 6d. 

The First Two Books explained to Beginners. By 0. P. 



Mason, B.A. 2nd Edition. Fcap. Svo. 2s. 6d. 

The Enunoiations and Figures to Euclid's Elements. By Bey. 

J. Brasse, D.D. New Edition. Fcap. Svo. Is. Without the Figures, 6d. 
Ezeroises on Euclid. By J. McDowell, M.A. (See p. 8.) 
Mensuration. By B. T. Moore, M.A. Ss, 6d, (See p. 9.) 
Gheometrlcal Conic Sections. By H. G. Willis, M.A. (Seo }>, 8.) 
Gfreometrioal Qsnlo Sections. By W. H. Besant, D.So. (See p. 9.) 
Elementary Geometry of Oonics. By C. Taylor, D.D. (See p. 8.) 
An Introduction to Ancient and Modem Geometry of Oonics. 

By 0. Taylor, D.D., Master of St. John's ColL, Gamb. Svo. 156. 

An Introduction to Analytical Plane Qteometry. By W. P. 

TnmbuU, M.A. Syo. 12s. 

Problems on the Principles of Plane Oo-ordlnate Geometry. 

By W. Walton, M.A. Svo. 168. 

Trilinear Co-ordinates, and Modem Analytical Geometry of 

Two Dimensions. By W. A. Whitworth, M.A. Svo. 16s. 

An Elementary Treatise on Solid Geometry. By W. S. Aldis, 

M.A. 4ith Edition revised. Cr. Svo. 6s, 

Elliptic Functions, Elementary Treatise on. By A. Cayley, D.So. 
Professor of Pure Mathematics at Cambridge University. Demy Svo. Ifis. 

TRIGONOMETRY. 

Trigonometry. By Rev. T. G. Vyvyan. Bs. 6d. (See p. 8.) 
Trigonometry, Elements of. By J. M. Dyer, M.A., and Rev. R. H, 

Whitcombe, M.A., Asst. Masters, Eton College. [Immediately. 

Trigonometry, Examination Papers in. By G. H. Ward, M.A., 

Assistant Master at St. Paul's School. Crown Svo. 28. 6d. 
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MECHANICS ft NATURAL PHILOSOPHY. 

Statlos, Elementary. Qy H. Ooodinn, D.D. Feap. 8yo. SncI 

Edition. 8s. 

DynamioB, A Treatise on Elementary. By W. Gamett, M.A., 

D.O.L. 5th Edition, drown 8vo. 8>. 
Dynamics. Rigid. By W. 8. Aldis, M.A. 4f. 
Dynamics. A Treatise on. By W. H. Besant, D .So. , F.B.S. 7«. 6d. 
Elementary Mechanics, Problems in. By W. Walton, M.A. New 

Edition. Crown Svo. 68. 

Theoretical Mechanics, Problems in. By W. Walton, M.A. 8rd 

Edition. Demy Svo. lOs. 

Stnictural Mechanics. By B. M. Parkinson, Assoc. M.LO.E. 

Grown 8vo. is. 6d. 

JUementary Mechanics. Stage I. By J. C. Horobin, B.A. Is. 6<Z. 

Hydroetatios. ByW.H.BeBant,D.So. Foap.Svo. 14th Edition. 4t. 

flydromeohanlos, A Treatise on. ByW.H. Besant, D.Sc.,FJt.S. 
8to. 5th Edition, revised. Part I. HydrostatioB. St, 

Hydrodsrnamics, A Treatise on. Vol. L, 10«. 6d. ; YoL n., 12«. M. 

A. B. Basset, M.A., F.B.S. 
Hydrodynamics and Sound, An Elementary Treatine on. By 

A. B. Basset, M.A., F.B.S. 
Boulettes and Glissettes. By W. H. Besant, D.Sc, F.B.S. 2nd 

Edition, 5«. 

Optics, Geometrical. By W. S. Aldis, M.A. Crown 8yo. 8rd 

Edition. 48. 

Double Beflraotlon, A Chapter on Fresnel's Theory of. By W. 8. 

Aldis,M.A Sro. 28. 
Seat, An Elementary Treatise on. By W. Gbumett, M.A., D.O.L. 

Grown 8to. 5th Edition. 4s. Qd, 

Elementary Physics, Examples and Examination Papers in. By 

W. GkiUatly, M.A. 48. 

Newton's Frincipia, The First Three Sections of, with an Appen- 
dix ; and the Ninth and Eleventh Sections. By J. H. Evans, MJL 0th 
Edition. Edited by P. T. Main, M.A. 48. 

Astronomy^ An Introduction to Plane. By P. T. Main, M.A. 

Fcap. 8vo. cloth. 6th Edition. 48. 
' Practical and Spherical By B. Mun, M.A. 8yo. 14f. 

Mathematical Examples. Pore and Mixed. By J. M.Dyer, M. A., 

and B. Prowde Smith, M.A. 68. 

Pure Mathematics and Natural Philosophy, A Compendium of 

Facts and FormnlsB in. Br G. B. Smalley. 2nd Edition, revised by 
J. McDowell, M.A. Fcap. 8vo. 2s. 

Elementary Course of Mathematios. By H. Goodwin, DJ). 

6th Edition. 8vo. 168. 

Problems and Examples, adapted to the * Elementary Conrse of 

Mathematics.' Srd Edition. 8vo. 88. 

Solutions of Goodwin's Collection of Problems and Examples. 

By W. W. Hntt, M.A. Srd Edition, revised and enlarged. 8vo. 9s. 

▲ CoUeotion of Examples and Problems in Arithmetio, 
Algrebra, Oeometry, Logarithms, Trigonometry, Oonic Sections, MechanioBt 
ftc, with Answers. By Bev. A. Wrigli^. 90th Thousand. Si. (ML 
Elev. 108. 6d. 
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FOREIGN CLASSICS. 

A Seriei for mm in SehooU, wUk Engiiik Noteit grammatical and 
explanatory, and renderingt of diflMU idUnnoHe eapreuions, 

Feap.Sio, 

tttibnUefB Wallenstein. By Dr. A. Bnohheim. 5th Edit. 5«. 

Or the Lager and Piooolominl, 8s. 6d. Wallexuttein'B Tod, 28. Od. 

Maid of Orleani. By Dr. W. Wagner. 2iid Edit. Is, M. 

Maria Stuart By Y. Eftetner. and Edition. Is. 6<2. 

Ooethd'B Hermann and Dorotliaa. By E. Bell, MJL., and 

B. YTSlieL U. 6d. 

Q«rman Ballads, from Uhland, Goethe, and Schiller. By G. L. 

Bielefeld. 4thBdition. U. 6d. 

Oharlea Xn., par Yoltaire. By L. Direy. 7th Edition. Is. 6<I. 
ATentnrea de T6l6maqiie, par F6n61on. By 0. J. Delille. 4tb 

Edition. as.6d. 

BelaotFableB of La Fontaine. ByF.E.A.aa8e. 18th Edit, li.6^ 
Mooldla, by X.B. Saintine. By Dr.Dnboo. 16th Thonsand. It. 6d. 
Lamartlne'B Le TaiUenr de Plerres de Saint-Point. By 

J. Boielle, 6th ThoTUHtnd. Foap. 8yo. U, 6d. 

Italian Primer. By Bey. A. 0. Clapin, M.A. Foap. 8yo. If. 



FRENCH CLASS-BOOKS. 
Vrendh Ghrammar for Pablic Sohools. By Bev. A. 0. Olapin, M JL 

Voap. 8to. 12th Edition, reriaed. 28. 6d. 

Ttenob Primer. By Bev. A. 0. Clapin, M.A. Foap. Byo. 8th Ed. It. 
Primer of French Philology. By Bey. A. 0. Olapin. Foap. 8yo. 

4th Edit. Is. 

ZiO Nouyean Trteoar; or, French Student's Companion. By 

M. B. S. 19th Edition. Foap. 8vo. U 6d. 
French Papers for the Prelim. Army Exams. Collected by 

J. F. Dayifl, D.Lit. [Immediately. 

French Examination Papers in Misoellaneons Qrammar and 
IdioniB. Oompiled by A. M. M. Stedman, M.A. 4th Edition. Grown 
Sra 28. 6d. Key. 58. (For Teachers or iSivate Students only.) 

Manual of French Prosody. By Arthur GkMset, MJL. Crown 

8to. 38. 

Iiozioon of Conyersational French. By A. HoUoway. 3rd 

Edition, drown 8to. Ss. 6d, 

PBOF. A. BABBEBE'S FBENCH COUBSE. 
Jtinior Graduated French Course. Crown 8yo. Is. 6d. 

Elements of French Grammar and First Steps in Idiom. 
Grown 8vo. 28. 

Precis of Comparative French Grammar. 2nd Edition. Crown 

Syo. 38. 6d. 
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F. E. A. GASO*S FBENOH OOUBSE. 

nnt Frenoh Book. Foap. 8yo. 106th Thousand. 1«. 
Baoond mranoh Book. 52nd Thousand. Foap. 8vo. 1«. 64. 
Key to First and Second French Books. 5th Edit. Fop.Syo. 8«.6(i. 
nrenoh Fables for Beginners, inPtose, with Index. 16th Thousand. 

12mo. l8.6d. 

Beleot Fables of La Fontaine. 18th Thousand. Foap.dvo. Is. 64. 

HlBtoires Amusantes et Instraotlvee. With Notes. 17th Thou- 
sand. Voap. 8vo. 28. 

Praotloal Guide to Modem Fteneli OonYenatlon. 18th Thou- 
sand. Foap. 8to. la. 6d. 

French Poetry for the Young. With Notes. 5th Ed. Fop. 8yo. 8«. 

Materials for French Prose Composition; or, Seleotions from 
the best Engluth Prose Writers. 19thThoiis. Foap. 8to. 8«. Key.fis. 

Prosateurs Oontemporains. With Notes. 11th Edition, re- 
vised. 12mo. 3s. 6d. 

Le Petit Cknnpagnon; a French Talk-Book for Little Children. 

12th ThoTUHUid. 16mo. ls.6d. 

An Improved Modem Pocket Dictionary of the French and 

Bngliah Langnages. iSthThoTuand. 16mo. 28. 6d. 

Modem French-English and Bngllsh-Frenoh Dictionary. 4th 

Edition, roTised, with new supplements. 108. 6d. In use at Harrow, 
Rugby, Westminster, Shrewsbury, Radley, &c. 

The ABC Tourist's French Interpreter of all Immediate 

Wants. By F. E. A. Gasc. is. 

MODERN FRENCH AUTHORS. 

Edited, with Introductions and Notes, by James Boiellb, Senior 
French Master at Dulwioh College. 

Daudet's La Belle Nivemalse. 2s. 6d. For Beginners, 
Hugo's Bug JargaL 3^. For Advanced Students, 
Balzac's Ursule Mirouet. 38. For Advanced Students, 



GOMBERT'S FRENCH DRAMA. 

Being a Selection of the best Tragedies and Comedies of Molidre, 
Racine, Oomeille, and Voltaire. With Araiunents and Kotes by A« 
Ck>mbert. New Edition, reyised l^ F. B. A. Gaao. Foi^ 8to. li. CMohi 
sewed, 6d. OoHTrarTS. 

MoLisBs ! — Le Misanthrope. L' Avars. Le Bonigeois GentiUiomme. La 
Tartuffe. Le Malade Imaginaire. Les Femmes Sayantes. Les Fourberies 
de Scapin. Les Pr^ieuses Ridicules. L'Boole des Fsmmes. L'Boole des 
Maris. Le MMecin malffrtf Lni. 

Raoxhs :— PhMre. Bsther. Athalie. Iphig^nie. Les Flaidenrs. La 
ThAMlde; on,LesFrtoasBnnemis. Andromaqne. Britannioos. 

P. OoBvsiLLi:— LeOid. Horaoo. Oinxia. Pdlyenota. 

YouTAisit— Zaixe. 
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GERMAN CLASS-BOOKS. 

Material! for G«nnaii FroM OompoBltkm. By Dr. Bnchheim. 

ISth Edition. Vmp. 4b, 6d. Key. Parts L and H., Sa. Parts IIL andiy.,4«. 

Goethe's Faust. Text, Hayward's Prose Translation, and Notes. 

Edited by Dr. Buchheim. 58. [In the press, 

Oerman. The Candidate's Yade Mecnm. Five Hundred Easy 
Sentences and Idioms. By an Army Tutor. Cloth, Is. For Army Exams, 

Wortfolge, or Rules and ExerciseB on the Order of Words ta 

German Bentenoes. By Dr. F. Stock. Is. 6d, 

A German Grammar for Public Schools. By the Be?. A. 0. 

Olapinand 7. Holl Mflller. 5th Edition. Foap. 2c (ML 

A Overman Primer, with Ezercises. By Bev. A 0. Clapin. 

2nd Edition. U 

Kotieboe'B Der Geftmgene. With Notes by Dr. W.Stromberg. Is. 
German Xizamination Papers in Grammar and Idiom. By 

B. J. Morich. 2nd Edition. 28. 6d. Key for Tutors only, 5*. 

By Frz. Lange, Ph.D., Professor B.M. A., Woolwich, Examiner 
in German to the Coll. of Preceptors, and also at the . 
Victoria University, Manchester. 

A Concise German Grammar. In Three Parts. Part I., Ele- 
mentary, 28. Part II , Intermediate, 28. Part III., Advanced, 38. 6d. 

German Examination Course. Elementary, 28, Intermediate, 2$. 
Advanced, l8. 6d. 

Gterman Reader. Elementary, Is, 6<2. Advanced, 3s. 



. MODEBN GEBMAN SCHOOL CLASSICS. 

Small Crown 8vo. 
Hey's Fabeln Fiir Kinder. Edited, with Vocabulary, by Prof. 

F. Lange, Ph.D. Printed in R(yman characters. Is. 6d. 

The same with Phonetic Transcription of Text, &c, 28, 

Benediz's Dr. Wespe. Edited by F. Lange, Ph.D. 2s, Qd, 

HofOnan's Meister Martin, der Etifner. By Prof. F. Lange, Ph.D. 

U6d. 
Heyse's Hans Lange. By A A. Macdonell, M.A., Ph.D. 2s. 

Auerbach's Auf Waohe, and Roquette's Der Ge&orene Eusa. 

By A A. Macdonell, M.A 28. 

Moser'B Der Blbliothekar. By Prof. F. Lange, Ph.D. 3rd Edi 

tion. 28. 

Ebers' Bine Frage. By F. Storr, B.A. 2s. 

Freytag's Die Joumalisten. By Prof . F. Lange, Ph.D. 2nd Edi- 
tion, revised. 2s. 6d. 

Gutskow's Zopf und Sohwert. By Prof. F. Lange, Ph.D. 2s, 

German Epic Tales. Edited by Earl Neuhaus, Ph.D. 2s, 6d. I 

Sheffel's Ekkehard. Edited by Dr. H. Hager. ds. 



[ 
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DIVINITY, MORAL PHILOSOPHY, fto. 

By thb Bey. F. H. Sobiybneb, A.M., LL.D., D.G.L. 
NoTom Testamentnxn Ondoe. Editio major. Being an enlarged 

Bdition, contaaning the Readings of Bishop Westoott and Dr. Hort, and 
those adopted by l£e BeviserB, &o. 78. 6d. {For other Editions see page 3.) 

A Plain Introduction to the Orltioism of the New Testament. 

With Forty Eacsinules from Andent MannscriptB. 3rd Bdition. 8to.188. 

Six LectureB on the Text of the New Testament For English 

Readers, drown 8to. 6e, 

Oodez BessB Oantabrlgiensis. 4to. 10«. 6d, 



The New Testament for English Readers. By the late H. Alford, 

D.D. VoL I. Part I. 3rd Edit. 128. Vol. I. Part II. 2nd Edit. 10b. 6d. 
Vol. II. Part 1. 2nd Edit. 168. Vol. II. Part II. 2nd Edit. 168. 

The Greek Testament. By the late H. Alford, D.D. YoL I. 7th 

Edit. 11. Ss, Vol. II. 8th Edit. 11. 48. Vol. HI. 10th Edit. 188. Vol. IV, 
~ Part 1. 5th Edit. ISs. Vol. IV. Part II. 10th Edit. lis. Vol. IV. II. 128. 

Ck>mpanion to the Greek Testament. By A. C. Barrett, M.A. 

5th Edition, revised. Foap. 8to. 5s. 

Guide to the Textual Criticism of the New Testament. By 

Rev. E. Miller, M.A. Grown Svo. 48. 

The Book of Psalms. A New Translation, with Introductions, &o. 
By the Very Rev. J. J. Stewart Perowne, D.D. 8to. Vol. 1. 7th Bditiona 
188. Vol. II. 6th Edit. 168. 

-^-^ Abridged for Schools. 7th Edition. Grown Svo. lOt. 6d. 
History of the Articles of Bellgion. By C. H. Hardwick. 8rd 

Edition. Post 8yo. 5s. 
History of the Creeds. By Bev. Professor Lumby, D.D. 3rd 

Edition. Orown 8to. 7*. 6d. 

Pearson on the Oreed. Carefully printed from an early edition. 

With Analysis and Index by E. Walford, M.A. Post 8yo. Ss. 

Liturgies and Offices of the Churoh, for the Use of English 
Readers, in Illustration of the Book of Common Prayer. By the Rey. 
Edward Burhidge, M.A. Orown Svo. Os. 

An Historical and Explanatory Treatise on the Book of 

Oommon Prayer. By Rev. W. G. Hunphry, B.D. 6th Bdition, enlarged. 
Small Post Svo. 28. 6d. ; Cheap Edition, Is. 

A Commentary on the Gospels, Epistles, and Acts of the 
Apostles. By Rev. W. Denton, A.M. New Edition. 7 vols. 8vo. 98. each. 

Notes on the Catechism. By Bi Bev. Bishop Barry. 9th Edit. 

Fcap. 28. 

The Wlnton Church Catechlst. Questions and Answers on the 
Teaching of the Churoh Catechism. By the late Rev. J. S. B. MonseU, 
IiL.D. 4th Bdition. Cloth, Ss. ; or in Four Parts, sewed. 

The Church Teacher's Manual of Christian Instruction. By 

Rev. M. F. Sadler. 43rd Thousand. 28.60. 
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TECHNOLOQICAL HANDBOOKS. 

Edited by Sib H. Tbubmam Wood, Seoretaiy of the Society of Arts. 
Dyeing and TUsne Printing. By W. Crookes, F JI.S. 6s. 

Glass Manufacture. By Henry Ohance, MJL; H. J. Powell, BJL; 
and H. G. Harrifi. Ss. 6d. 

Cotton Spinning. By Biohard Marsden, of Manchester. 3rd 
Bdition, reyiaed. 6s. 6d. 

Chemistry of Goal- Tar Colours. By Prof. Benedikt, and Dr. 
Kneoht of Bradford Technical College. 2nd Edition, ei^rged. 68. 6d. 

Woollen and Worsted Cloth Manufacture. By Professor 
Roberts Beaumont, The Yorkshire Oolite, Leeds. 2nd Edition. 7s. 6d. 

Cotton Weaving. By B. Marsden. [In the press. 

Bookbinding. By J. W. Zaehnsdorf , with eight plates and many 
illustrations. Sa. 

Printing. By C. T. Jacobi, Manager of the Chiswick Press. 5s. 



BELUS AGRICULTURAL SERIES. 

The Farm and the Dairy. By Prof. Sheldon. 2«, Qd, 
Soils and their Properties. By Dr. Fream. 2s. Qd, 
The Diseases of Crops. By Dr. Griffiths. 2s. 6d, 
Manures and their Uses. By Dr. Griffiths. 2s. 6d 
Tillage and Implements. By W. J. Maiden. 2s. Qd, 



HISTORY. 

Modem Europe. By Dr. T. H. Dyer. 2nd Edition, revised and 

continued. 5 vols. Demy 8to. 21. 12s. 6d. 

The Decline of the Roman Republic. By Gt, Long. 5 vols. 
8yo. 58. each. 

Historical Maps of England. By C. H. Pearson. Folio. 8rd 

Edition revised. Sis. 6d. 

England in the Fifteenth Century. By the late Bey. W. 
Denton, M.A. Demy 8vo. 128. 

Feudalism: Its Bise, Progress, and Consequences. By Judge 
Abdy. 78. 6d. 

History of England, 1800-46. By Harriet Martineau, with new 
and copious Index. 5 toIs. Ss. 6d. each. 

A Practical Synopsis of English History. By A. Bowes. 9th 

Bdition, revised. 8vo. Is. 
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Uvea of the Qneexui of England. By A. Striekliind. Library 

Edition* 8 yoIb. 78. 6d, eaoh. Cheaper Bdition, 6 yoIb. 5s. each. Abridged 
Edition, 1 toI. 6s, 6d. Mary Queen of Soots, 2 vols. Sa. each. Tudor and 
Stuart Princesses, 58. 

The Elements of Gtoneral HlBtory. By Prof. Tytler. New 

Edition, brought down to 1874. Small Post Svo. 38. 6d. 

History and Geography Examination Papers. Compiled by 
C. H. Spence, M.A., Clifton College. Crown 8yo. 28. 6d. 

The Schoolmaster and the Law. By Williams and Markwick. 

Is. 6d. 

For other Historical Books, see Ccdalogue ofSohn's Libraries^ sent free on 

application. 



DICTIONARIES. 

WEBSTER'S INTERNATIONAL DICTIONARY of the 
English Language. Including Scientific, Technical, and Biblical Words 
and Terms, with their Significations, Pronunciations, Etymologies, 
Alternative Spellings, Derivations, Synonyms, and numerous Ulustratiye 
Quotations, with various valuable literary Appendices and 83 extra pages 
of Illustrations grouped and classified, rendering the work a Gomplbte 
LiTBRABT A.VD SCIENTIFIC BxFEBENCE-BooK. Nev} Edition (1890). 
Thoroughly revised and enlarged under the supervision of Noah Porter, 
D.D., LL.D. 1 vol. (2118 pages, 3500 woodcuts), 4to. cloth, 3U 6d. ; 
full sheep, 2Z. 2s. ; calf, 21. 88. ; half russia, 21. 58. ; or in 2 vols, doth, 
11. 148. 

Pro8p«ctti<68, with specimen pages, sent free on application. 

Richardson's Philological Dictionary of the English Language. 

Combining Explanation with Etymology, and copiously illustrated by 
Quotations from the best Authorities, with a Supplement. 2 vols. 4to. 
42. 148. 6d. Supplement separately. 4to. 128. 

Kluge's Etymological Dictionary of the German Language. 

Translated from the 4th German edition by J. F. Davis, D.Lit., M.A. 
(Loud.). Crovm 4to. half buckram, 188. 

Dictionary of the French and English Languages, with more 

than Fifteen Thousand New Words, Senses, &o. By F. E. A. Gaso. With 
New Supplements. 4th Edition, Revised and Enlarged. Demy 8vo. 
lOs. 6d, Iir USE AT Habrow, RnaBT, Shbewbbttbt, &c. 

Pocket Dictionary of the French and English Languages. 
By F. E. A. Gbiso. Oontaining more than Five Thousand Modem and 
Current Words, Senses, and Idiomatic Phrases and Renderings, not found 
in any other dictionary of the two languages. New edition, with addi- 
tions and corrections. 45th Thousand. 16mo. Cloth, 28. 6d. 

Argot and Slang. A new French and English Dictionary of the 
Cant Words, Quaint Expressions, Slang Terms, and Flash Phrases used 
in the high and low life of old and new Paris. By Albert Barrdre, Officier 
de rinstruction Pnblique. New and Revised Edition, large post 8vo. 
lOs. 6d. 
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ENGLISH CLASS-BOOKS. 

OompiuratlTe Gramnuur and Philology. By A. 0. Prioe, M.A., 

Afusistant Master at Leeds Grammar School. 28. 6d. 

The ISlaments of the English Language. By E. Adams, Fh.D. 

24th BditUm. Thoroughly revised by J. F. Dayis, D.Lit, M.A. 
PostSvo. 48. ed. 

The Rudiments of English Ghrammar and Analysis. By 

. £. Adams, Ph.D. 17th Thousand. Foap. Sro. Is. 
A Concise System of Parsing. By L. E. Adams, B.A. Is. 6<I. 
General Knowledge Examination Papers. Compiled by 

A. M. M. Stedman, M.A. 2s. 6d. ' 

Examples for Grammatical Analysis (Verse and Prose). Se- 
lected, &o., by F. Edwards. New edition. Cloth, Is. 
Notes on Shakespeare's Plays. By T. Doff Bamett, B.A. 

MiDBUMXES NiaHT's Dbxam, Is. ; JuLiuB OiESAB, Is. ; Hbkbt Y., Is. ; 
TxMPXST, Is. ; Macbeth, Is. ; Mbbghant or Ybiticb, Is. ; Haxlbt, Is. ; 
BiCHABD IL, Is. ; Kino John, Is. ; King Leab, Is. ;.GOBioi.Airvs, Is. 

By C. P. Mason, Fellow of Univ. Coll. London. 
First NotlOKUi of Grammar for Young Learners. Feap. 8to. 

67th Thousand. Bevised and enlarged. Oloth. Is. 

First steps In English Grammar for Junior Classes. Demy 

18mo. 49th Thoiosand. Is. 

Outlines of English Grammar for the Use of Junior Classes. 

77th Thousand, drown 8vo. 2s. 

English Grammar, including the Principles of Qrammatioal 

Analysb. 32nd Edition. ISlst to 136th Thoiunnd. drown 8vo. Ss. 6d. 
Practice and Help in the Analysis of Sentences. 2s. 
A Shorter English Grammar, with copious Exercises. d9th 

to 43rd Thousand. Crown Svo, 8s. 6d. . 

English Grammar Praotioe, being the Exercises separately. It, 
Ck>de Standard Grammars. Parts I. and n., 2d, each. Parts m., 
iy.> and v., 3d. each. 



Notes of Iiossons, their Preparation, <frc. By Jo86 Biokard, 
Park Lane Board School, Leeds, and A. H. Taylor. Rodley Board 
School, Leeds. 2nd Bdition. Grown 8yo. 2s. 6d. 

A Syllabic System of Teaching to Bead, combining the advan- 
tageB of the ' Phonic ' and the ' Look-and-Say ' Systems, drown Syo. Is. 

Praotioal Hints on Teaching. By Bey. J. Menet, M.A. 6th Edit, 
revised, drown Syo. paper, 2s. 

Test Lessons in Dictation. 4th Edition. Paper cover, 1«. 6d. 

Elementary Mechanics. By J. C. Horobin, B.A., Principal of 
Homerton Training College. Stage I. Is. 6d. 

Picture Sohool-Books. In Smiple Language, with numerous 
Illustrations. Royal lOmo. 
The Infant's Primer. 8a.— School Primer. 6d.— School BfCader. By J. 
TOleard. U— Poetry Book for Schools. U— The Life of Joeeph. U— The 
Soriptnre Parables. By the Bey. J. B. Clarke. Is.— The Scripture Miracles. 
By the Bey. J. B. dlarke. Is.— The New Testament History. Bj the Bey. 
J. G. Wood, M.A. Is.— The Old Testament History. By the Bey. J. G. 
Wood, M.A. Is.— The Life of Martin Luther. By Sarah drompton. Is. 
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BOOKS FOR YOUNG READERS. 

A Series qf Beading Books designed to/adlitcttethe acquisition qfthepoufsr 
of Beading by very young Children, In 11 vols, limp cloth, 6d, each. 

Those with an agterisk have a Frontispiece or other IllnstrationB. 

*The Old Boathoiue. Bell and Fan; or, A Cold Dip. \ 
*Tot and the Gat. A Bit of Oake. The Jay. The 

Black Hen's Host. Tom and Ned. Mrs. Bee. I BwitMe 

*The Oat and the Hen. Sam and hlB Dog Redleg. / . ^^. 

Bob and Tom Lee. A Wreck. i«Va«M- 

*The New-bom Lamb. The Botewood Box. Poor J 

Fan. Sheep Dog. 
•The Two Parrots. A Tale of the Jubilee. By M. E. ^ 

Wintle. 9 Illnstrations. 

*The Story of Three Monkeys. 
♦Story of a Oat Told by Herself. \ g^^j^,^ 

The Blind Boy. The Mute GlrL A New Tale of ) for 

Babes in a Wood. / Standards 

The Dey and the Knight The New Bank Note. '* ^^ 

The Boyal Visit. A King's Walk on a Winter's Day. 

♦Queen Bee and Busy Bee. 
♦Gull's Orag. / 

Syllabic Spelling. By C. Barton. In Two Parts. Infants, 3d. 

standard I., 3d. 

Helps' Course of Poetry, for Sohools. A New Selection from 
the Bnglish Poets, carefnlly compiled and adapted to the several standards 
by B. A. Helps, one of H.M. Inspectors of Schools. 

Book I. Infants and Standards I. and II. 134 pp. small 8vo. 9d. 
Book II. Standards III. and lY. 224 pp. crown 8yo. Is. 6d. 
Book III. Standards v., YI., and YII. 852 pp. post 8vo. 2s. 
Or in PARTS. Infants, 2d. ; Standard L, 2d. ; Standard II., 2d. 
Standard in., 4d. 



GEOGBAPmCAL SEBIES. By M. J. BiBRiNeTON Wabd, M.A 

With niiutrations. 

The Map and the Compass. A Beading-Book of Geography. 

For Standard I. New Edition, revised. 8d. doth. 

The Round World. A Beading-Book of Gteography. For 

Standard II. New Edition, revised and enlarged. lOd. 

About England. A Beading-Book of Geography for Standard 
III. iln the press. 

The Child's Geography. For the Use of Schools and for Home 

Tuition. 6d. 

The Child's Geography of England. With Introductory Exer- 
cises on the British Isles and Empire, with Questions. 28 6d. Without 
Questions, 28. 



\ 
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BELL'S READINQ-B00K8. 

VOB BOHOOLB AND FABOOHIAL LIBBABIBS. 

Now Beady, PottBvo. Strongly houndin cloth. It, each, 

*IjUiB of Ooltiinbas. \ 

•GMmm'f Oemuui TalM. (Selected.) 
♦Andnnwm'g Danlih Talet. Illiistrated. (SeleotocL) 

Ofeat BngUBhmen. Short Lives for Toong Ohildren. 

Great Englishwomen. Short LivoB of. 

Great Sootsmen. Short Lives of. 

Parsblei firom Natore. (Selected.) By Mrs. Ghitty. 

Bdgeworth'f Tales. (A Selection.) 
*Poor Jack. By Capt. Marryat, B.N. (Abridged.) 

*Sootf s Talisman. (Abridged.) 

* Friends in For and Feathers. By Owynfryn. 
*Poor Jack. By Captain Marryat, B.N. Abgd. 
*Masterman Ready. By Capt. Marzyat. Bias. (Abgd.) 

Lamb's Tales f^om Shakespeare. (Selected.) 

* Gulliver's Travels. (Abridged.) 
*BobinBon Omsoe. Blustrated. 

* Arabian Nights. (A Selection Bewritten.) 

*Diok6ns's LltUe Nell. Abridged from the < The Old 
OnrioBity Shop.' 

*The Vicar ofWakeAeld. 

*Settlers in Canada. By Capt. Marryat. (Abridged.) 
Poetry for Boys. Selected by D. Monro. 
*Southey's Life of Nelson. (Abridged.) 
•Life of the Duke of Wellington, withMaps andPlans. 
*Sir Roger de Ooverley and other Essays from the 

Spectator. 

Tales of the Ck>ast. By J. Bmioiman. 

* ThM9 Folwmes art HhutraUd, 
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Uniform with the Series^ in limp cloth, 6(2. each, 

Shakespeare's Plays. Eemble*s Beading Edition. With Ex- 
planatory Notes for School Use. 

JULIUS OiBSAR. THE MERCHANT OP VENICE. KING JOHN. 
HENBY THE FIFTH. MACBETH. AS YOU LIKE IT. 



London : GEOBQE BELL * SONS, York Street, Covent Garden, 
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